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Terra Australis reports the results of archaeological and related research within the 
region south and east of Asia, through mainly Austral ia, New Guinea and Island 
Melanesia - lands that have remained terra australis incognita to generations of pre­
historians .  
I ts  subject is  the settlement of the diverse environments in this isolated quarter of the 
globe by peoples who have maintained their discrete and traditional ways of life into 
the recent recorded or remembered past and at times into the observable present. 

FOREWORD 
Sue O'Connor gained her undergraduate degree in the Department of Prehistory and 
Archaeology in the University of New England, Armidale New South Wales, graduating 
with First Class Honours in 1980 . For her honours thesis, under the supervision of 
Sandra Bowdler, she carried out an analysis of a shell midden, the Stockyard Site on 
Hunter Island, off the coast of north western Tasmania. One result of this work was the 
first identification of an extinct genus of penguin, which had existed on this coast and 
which was hunted by Aborigines unti l c lose to the time of the colonial contact; the find 
being described in a joint paper with the late Gerry van Tets in 1983. In the field, Sue 
gained first hand experience of excavation and survey, both on Hunter Island and with 
Don Ranson on his excavation of middens at Sundown Point, on the coast of western 
Tasmania. In December 1980, she was the recipient of a Vacation Scholarship in the 
then Department of Prehistory of the Research School of Pac ific Studies at The 
Australian National University . She worked with me and later with Michael Bryden 
on an analysis of the age and sex structure of southern elephant seal teeth, from the 
large West Point midden in western Tasmania, which I had excavated during 1964-65. 
It can be seen that early in her professional career, Sue O'Connor had already 
developed a profound interest and expertise in issues of coastal archaeology. After a 
stint of excavation and administration with the New South Wales National Parks and 
Wildlife Service, she took up a tutoring position in 1983 within the Anthropology 
Department of the University of Western Australia. It was from here, in the newly 
established Centre for Prehistory that she decided to embark upon a research project 
for her PhD thesis that forms the basis of the present monograph. 
With a freshly gained Western Australian perspective, she was interested in the 
vast Buccaneer Archipelago off the north western coast of the Kimberley. Here was a 
geographic terrain within tropical conditions that might be an interesting counterpoint 
to the situation in Bass Strait. In addition , it was here that some of the earl iest European 
ethnographic accounts of Aboriginal people had been made, including those of Will iam 
Dampier and members of the Baudin expedition such as Franc;ois Peron; the latter also 
visiting southern Tasmanian shores in 1802. In particular, O 'Connor was attracted by 
Norman Tindale's accounts of Aborigines using and occupying small and remote islands 
of the Buccaneer Archipe lago and of the ir capacities to ride tidal currents over 
considerable distances using simple rafts . She felt that here was a situation whereby 
one could use archaeological techniques to test the antiquity and historical processes 
of these inter island occupations. This had considerable implications not only to general 
theories of the island biogeography of hunter-gatherer peoples but also perhaps to 
issues concerning the original trans-sea occupation of the Australian continent. 
In 1985, she was awarded a research grant from the then Australian Insti tute of 
Aboriginal Studies to cover the costs of field survey and excavation which formed the 
basis of her doctoral dissertation and upon which the present monograph is based. 
This was pioneering field archaeology of the first order, working in remote physical 
conditions, with minimal equipment and sometimes being exposed to considerable 
personal risks. There were journeys across bights of semi-open ocean almost 100 km 
wide in an aluminium dingy with a simple outboard motor. There was also what 
might be an apocryphal tale that Sue once spent several hours up a tree with a large 
crocodile at its base , which had been stalking members of the expedition over several 
days; and of a waist-deep wading dash across a stretch of inshore water to get to the 
safety of the dingy. During the initial exploratory phase, a serendipitous approach to 
the somewhat eccentric Lord Alistair McAlpine, former treasurer to the British Tory 
party and latter-day patron of the town of Broome, provided some critically important 
funds which allowed the work to proceed. 
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The field surveys identified important sites on Koolan Island, High Cliffy Island, 
and on the adjacent coast at Widgingarri . It soon became apparent both in  the field 
and later confirmed by radio carbon dating, that the base of some of these sites extended 
way beyond the time of the present sea level . At Koolan, there was a bright orange­
red deposit containing macropod remains of a continental fauna. Nothing to do with 
the sea edge, which lapped the foot of the cliff below the cave mouth .  This was 
Pleistocene archaeology, and in a shift of focus which mirrored that of O'Connor 's  
original teacher, Bowdler in  her own work in Cave Bay Cave (Terra Australis 8, 1984), 
what had originally been seen as a site on a peripheral i sland, now became elevated to 
a core site documenting the deep Pleistocene prehistory of the continent. 
In this present monograph, Sue O'Connor describes the results of her pioneering 
excavations in these Kimberley s ites, and of their implications to Australian prehistory. 
This monograph stands central ly within the tradition of the Terra Australis series which 
attempts to bring to publ ication, core empirical data concerning some of the critically 
important s ites within the Australian and Pacific prehistoric field. 
Now a Fellow at the Department of Archaeology and Natural History within the 
Institute of Advanced Studies at the Australian National University, she is currently 
analysing her excavation at the large l imestone shelter site of Carpenter's Gap 1, in the 
Napier Range, a Devonian age coral reef skirting the southern edge of the Kimberley 
massif. Here the oldest current radiocarbon dates on charcoal, securely related to the 
human occupation of Australian continent have been obtained. Moving further afield, 
Sue O'Connor has been a co-worker in the discovery of the Pleistocene occupation of 
the Liang Lemdubu l imestone cave site on one of the Aru Islands; which, while 
political ly part of Indonesia, was nevertheless an upland part of the Sahul shelf. 
In 30,000 Years of Aboriginal Occupation: Kimberley, North West Australia, here 
is one of the core documents of Australian prehistory. 
Professor Rhys Jones 
PREFACE 
The thesis on which this monograph is based was submitted to the University of Western 
Austral ia in 1990. This volume is substantially revised from the thesis and incorporates 
a number of suggestions made by the examiners Atholl  Anderson (The Australian 
National University) and Paul Mellars (University of Cambridge), as well as extensive 
editorial comments by Jack Golson (The Australian National University) .  Two chapters 
appearing in the thesis have been excised entirely. One of these, dealing with the 
distribution of shell midden sites in Western Austral ia, has been published elsewhere 
(O'Connor 1996). Similarly, the final thesis chapter which assessed the demographic 
implications of the assemblages and chronology from the Pleistocene sites in a pan­
Australian context, does not appear in this volume but has been published (O'Connor 
et al . 1993). The methodologies which guided the field survey, excavation and analyses 
and which originally constituted a separate chapter have been incorporated where 
appropriate throughout the text. 
The present monograph publishes for the first time the detailed bioassemblages, 
stone artefacts and radiocarbon chronologies for four excavated rockshelters : the two 
Widgingarri shelters on the west Kimberley mainland, the others on Koolan and High 
Cliffy Islands. These formed the data base for the original thesis.  Two of the sites, 
Koolan Shelter 2 and Widgingarri Shelter 1, have sequences dating from ea. 28,000 bp. 
Widgingarri Shelter 2 is thought to be of a similar order of antiquity . The fourth site, 
High Cliffy Shelter, dates to the late Holocene. The results are examined in the light of 
major themes in Australian prehistory such as the nature of subsistence, settlement 
and exchange in the Pleistocene and the role of coasts, islands and li ttoral resources 
and the timing and impact of technological changes in the Holocene . As such this 
monograph contributes to continuing the tradition of the Terra Australis series, which 
aims to bring detailed site data to publication . 
The last 10 years have seen significant advances in archaeological research in the 
Kimberley, particularly in the area of rock art studies and dating, and excavation of 
Holocene sites in other parts of the Kimberley has added considerably to our regional 
understanding. In general these studies have corroborated the interpretations advanced 
here . No attempt has been made to incorporate recent published studies except where 
they have a direct bearing on interpretations advanced herein. 
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THE RESEARCH AND ITS CONTEXT 
As one of the most likely landing places for Homo sapiens 
on the northern shores of Sahul, the west Kimberley has 
attracted, until recently, surprisingly little attention. 
While a series of excavations in the east Kimberley had 
documented the presence of a riverine adaptation of 
Pleistocene age (Dortch 1977), the small amount of work 
done in the west Kimberley appeared only to have 
uncovered evidence of recent occupation, either inland 
or on the coast (Blundell 1975; Smith 1987), and most 
sites were undated (Akerman 1975a; Blundell 1975). 
This monograph describes the results of fieldwork 
carried out on the west Kimberley coast and offshore 
islands during two field seasons in 1984 and 1985 and 
the analysis and interpretation of archaeological material 
derived from it. Attention is focussed on four rockshelter 
sites, the two Widgingarri shelters on the mainland, the 
two others on present-day islands. Two of the sites, Koolan 
Shelter 2 and Widgingarri Shelter 1, have sequences dating 
from ea. 28,000 bp. Widgingarri Shelter 2 is undated in 
the lower levels but is presumed to be of a similar order 
of antiquity. The fourth site, High Cliffy Shelter, dates 
to the late Holocene, though the island itself has evidence 
for fleeting occupation earlier, in the immediate post­
trans gressive period. 
THE CONTEXT OF THE RESEARCH 
The investigations of which the excavations reported here 
formed part were planned in the light of the important 
place that the role of coasts, islands and littoral resources 
had been accorded in Australian archaeological research 
(e.g. Bowdler 1977, 1982; Jones 197 1, 1976; Lampert 1971; 
Meehan 1982, 1988; Megaw 1974; Sullivan 1982a, 
1982b) and the fact that almost without exception the 
relevant studies focussed on the east coast of the 
continent. The west Kimberley was in a position to make 
a contribution to the issues which this work raised 
because at the time of European contact some groups 
practiced what is arguably the most specialised maritime 
lifestyle anywhere in Australia, with a few communities 
permanently occupying small island groups and relying 
almost entirely on the sea to meet their subsistence needs. 
The presence of a Pleistocene component in the 
excavated sites added a new and unexpected dimension 
to the work, involving at a general level the nature and 
timing of Pleistocene economic adaptations. The west 
Kimberley evidence could be brought to bear on questions 
raised by previous research on the Pleistocene elsewhere 
in Australia, particularly the response of local populations 
to conditions of increased aridity around the time of the 
glacial maximum (Hiscock 1988a; Veth 1989). 
RESEARCH STRATEGY 
As is al ways the case in any region that has been the 
subject of little investigation, the initial research quest­
ions were framed with broad brushstroke rather than 
calligraphic precision. Again because of the paucity of 
archaeological research, it was difficult to predict what 
type of material remains would be found and to formulate 
a survey strategy best suited to the situation. 
The strategy adopted aimed generally to assess the 
types of site within the study area and the environments 
in which they occurred, and specifically to locate sites 
with excavation potential. While acknowledging the value 
of explicit probability sampling techniques in the long­
term construction of regional prehistories, I make no 
apology for the lack of it in the field procedures used here. 
Techniques should be tailored to the contexts from which 
archaeological information is to be recovered (see Hole 
1980; Redman 1987). 
The survey strategy employed stratified landscape 
units, but no attempt was made to quantify the areas 
sampled within these landscape units. It was purposive 
in that it targeted specific types of sites within these 
landscape units and was also directed to a large extent 
by the advice of Aboriginal people with a knowledge of, 
and interest in, traditional sites and past land use practices. 
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It must be emphasised that the scope of the project 
was constrained by logistical considerations in such a 
remote and inaccessible area, where roads are nonexistent 
and all travel had to be undertaken by boat. This effectively 
ruled out a multistage research design, since all decisions 
about, and changes to, research direction had to be made 
without the benefit of reflection in the light of analytical 
results and particular I y of date . 
FIELDWORK 
As discussed in Chapters 2 and 3, the marked seasonal 
climate in the region couples with steep topography to 
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make areas of sediment accumulation scarce. Generally, 
cultural materials preserve poorly within shallow and 
often ephemeral sedimentary contexts. Additionally, the 
geology of the region does not promote the formation of 
shelters or overhangs and stratified sites are rare. 
For these reasons the study area is large and cross­
cuts several linguistic boundaries. As such boundaries 
cannot be extrapolated back into the past, this was not 
seen to be problematic. The study area dealt with here 
incorporates the traditional lands of the W orrorra, the 
Umiida and the Yawijibaya. The area actually surveyed 
was much larger and encompassed the island home of 
the Jawi people and Unggarrangu country. Two senior 
consultants, one Jawi and one Worrorra, Khaki 
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Stumpagee from One Ann Point and Sam Umbaggi (now 
deceased) from Mowanjum, near Derby, participated in 
the initial exploratory field trip and several subsequent 
trips were made with them and members of their families. 
Although engaged in the cash economy, Kimberley people 
with coastally based communities are still heavily reliant 
on marine resources to meet their subsistence needs. 
They have also incorporated various marine-based cash 
activities, such as the collection and sale of Trochus shell. 
The field program was conducted between July 1984 
and September 1985 and comprised a short reconnaissance 
in 1984 and a continuous field season between April and 
September in 1985. A further two weeks was spent 
during 1987 in Broome and the One Ann Point Aboriginal 
Community, crosschecking information with my Aboriginal 
consultants. 
The 1984 field season 
The first field season was conducted over a three week 
period and involved reconnaissance of several of the 
more accessible offshore islands: Bathurst, Koolan, 
Cockatoo, Macleay and Iron. A small area of the adjacent 
mainland near Walcott Inlet and Collier Bay was also 
investigated (Fig. 1.1). The primary aim of this reconn­
aissance was to familiarise myself with the types of 
cultural materials surviving and to locate stratified sites 
suitable for excavation. Some consultation with Aborig­
inal people from the Kennedy Hill Community, Broome, 
and the Mowanjum Community, Derby , was also 
undertaken at this time. This consultation identified the 
most relevant individuals to speak for the study area and 
the communities with traditional and contemporary ties 
to this land. It also allowed me to explain the purpose of 
the field program and brought to light some issues and 
areas which were likely to be of concern to people in my 
undertaking archaeological fieldwork and excavation. 
During this survey one rockshelter site on Koolan Island 
which had been recorded by a Western Australian 
Museum team in 1975 (Western Australian Site Register 
Site No. K0042) was examined and three new shelter 
sites recorded. At the end of this reconnaissance in 1984, 
permission was sought from the relevant communities 
and individuals to undertake a major field season the 
following year with a view to excavation. Permission 
for this was obtained in principle at the beginning of 
April 1985 on the understanding that the consultation 
process was ongoing throughout all stages of the work. 
The 1985 field season 
This season included further field survey on a number 
of islands between One Ann Point and Raft Point (see 
Fig . 1. 1 ) , as well as excavation of the shelter sites 
described in the following chapters. It also included a 
significant component of Aboriginal consultat ion and 
several of the islands were visited and surveyed because 
they were known to my consultants to have been important 
camping places or resource foci in the past. During this 
time I spent many pleasurable hours 'reefing' with Lena 
Stumpagee and her family from the One Arm Point 
Community. 
Discussion 
Access to the littoral zones of both the islands and the 
mainland was by boat as travel overland to various 
targeted bays, mangrove systems and coastal valleys 
within this zone was prohibitively time consuming and 
generally unproductive. Areas located more than 2 km 
into the interior from the tidal zone were entered on foot 
along vegetation-free ephemeral drainage lines which 
commonly dissect this sandstone country. Survey traverses 
could then be made away from these fixed datum lines. 
An attempt was made to survey a sample of the range of 
landform units identified within the study area. 
On the islands these landform units included: 
a. sandy beaches and the dunes behind them 
b. the flanks of seasonal stream courses 
c. rocky uplands including scree slopes and ridge tops, 
and 
d. steep-sided narrow valleys with some soil depth. 
As the mainland environment was more diverse , 
additional landform units were surveyed. These included: 
e. broad shallow valleys with deeper soils 
f. level ground surrounding permanent and ephemeral 
freshwater pools 
g. low-lying land beh ind , or between , mangrove 
embayments 
h. salt flats, and 
i. permanent freshwater swamps. 
Thirteen offshore islands were surveyed during 
1984/85. These were Sunday, Long, Mermaid, Cockatoo, 
Koolan, Macleay, the two Wood Islands, Rankin, Lizard, 
High Cliffy and the Montgomery Islands (Fig. 1. 1). 
While some of the islands were only partially surv­
eyed, coverage of Sunday, Mermaid, Koolan, Macleay, 
Rankin ,  Lizard and High Cliffy was detailed. Survey 
methods varied depending on the density of vegetation 
and accessibility of areas inland from the coast. In most 
cases , bays around the per iphery of islands were 
inspected. Both Koolan and Cockatoo Islands have road 
systems associated with iron-ore mines and access in 
these areas was thereby facilitated. The other islands 
surveyed are totally undeveloped and have no access 
tracks. Sunday, Mermaid and Long Islands are regularly 
visited and fired by the people from the Dampierland 
communities and consequently vegetation on these 
islands is more open than on the islands further north, 
which are visited less frequently. Other islands, such as 
the two Wood Islands, are thickly vegetated and access 
across them was exceptionally difficult. In the case of 
Lizard and High Cliffy Islands comprehensive coverage 
was achieved as both had been burnt off by my consultants 
only a few weeks before the survey. 
Rockshelters and overhangs were located on some of 
the islands, but such formations were rare. Rockshelters 
with cultural deposits were only found on Koolan , 
Bathurst and High Cliffy Islands. Bathurst was elimin­
ated from consideration on the advice of Aboriginal 
custodians as it was an important sacred site. 
A range of site types was identified during the survey. 
These include rockshelters with occupation deposit and/or 
paintings, large dense surface scatters of artefacts, diffuse 
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artefact scatters along seasonal watercourses, quarry sites, 
stone house structures and stone arrangements. It should 
be noted that no open stratified shell middens were 
located in any part of the research area, including the 
islands and mainland coast. 
FOCUS OF THE RESEARCH 
The field research just described raises many more quest­
ions than it is possible to take up here. The central aim, 
however, was to investigate regional changes in land use 
and settlement patterns through time and this monograph 
deals with the stratified sites which have the potential to 
address these matters. Sites located during the survey 
but not researched in detail have been documented in 
reports (O' Connor 1984, 1986) and are not included in 
this volume. 
The failure to locate stratified shell middens in open 
contexts was a key result of the research. This phenomenon 
reflects complex site formation processes and has been 
explored elsewhere (O'Connor 1989). 
Most of the information derived from the consultation 
process with west Kimberley Aborigines does not appear 
in substant ive form here, but it has influenced my 
perceptions about land use and site patterning in the 
region throughout this work (and see O'Connor 1989). 
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THE STUDY AREA AND ITS PEOPLE 
The Kimberley region of Western Australia has a total 
area of 422,000 km2, approximately one-sixth of the state 
or an area twice the size of V ictoria (Kimberley Regional 
Profile 1986). The study area lies between latitudes 16° 30' 
and 15° 30' S and longitudes 123° 00' and 124° 30' E in 
the coastal west Kimberley. It encompasses the central 
and northern region of the Buccaneer Archipelago, 
including Koolan Island in Y ampi Sound and High Cliffy 
Island, as well as the adjacent mainland coast (Fig. 1.1). 
Aside from the Central and Western Deserts, the 
Kimberley region was the last major region of Australia 
to succumb to European settlement. This was delayed 
until 1882 when the first pastoral station was established 
at Y eeda, near the present town of Derby (Hawke and 
Gallagher 1989:4 1). Although sheep were initially 
introduced, the west Kimberley district has been almost 
exclusively cattle country since 1885 (Carter 1971:37). 
Even today most coastal areas are far too rugged for 
successful pastoral activit ies, although properties are 
established inland on the major rivers. 
THE SITUATION AT CONTACT 
The study area encompasses several 'tribal ' territories, 
although as with almost all situations where substantial 
disruption took place before serious ethnograph ic 
recording was attempted, there is disagreement over the 
status of ' tribal ' groups and the boundaries of the lands 
they are thought to have traditionally occupied. Many 
of the discrepancies can be simply put down to the time 
the observations in question were made, as the very 
situation of European contact probably prompted and 
accelerated the fusion of groups (e.g. Tindale 1974:242). 
Suffice it for the moment to say that the study area was 
occupied by three linguistic groups, the W orrorra, the 
Umiida and the Yawijibaya (Fig. 2. 1). The spellings 
used for the language groups in Figure 2.1 follow the 
map produced by the Kimberley Language Resource 
Centre (199 1) and are derived from McGregor (1988). 
While the Kimberley Language Resource Centre avoids 
the placement of boundaries on its map, tribal boundaries 
as reconstructed by Tindale ( 197 4) have been reproduced 
here as Figure 2.2, together with his spellings, as both 
have historical significance and are referred to throughout 
this monograph. 
The Worrorra occupied a coastal strip of land about 
40-50 km wide from Secure Bay in the south to the Prince 
Regent River in the north. They also used the islands 
along the north of Camden Sound (Bindon 1977:6;  
Tindale 1974:26 1). Widgingarri Shelters 1 and 2 would 
have fallen within the traditional lands of the W orrorra. 
The territory of the Umiida encompassed the coast 
and inlets from Koolan to Macleay Islands and west to 
Bathurst Island, as well as islands in Strickland Bay and 
inland to the watershed. Tindale ( 1974:257) states that 
they were raft-using people whose economic emphasis 
was predominantly offshore. Koolan Island would have 
been within Umiida country. 
The Yawijibaya inhabited the Montgomery Islands 
and the small rocky outliers on the edge of the reef, the 
High Cliffy Islands. They also had the islands in the 
southern part of Collier Bay (Tindale 1974:26 1). They 
may or may not have had access to mainland territory, a 
question discussed in Chapter 6. High Cliffy Island was 
Yawijibaya country. 
At contact, therefore, the sites investigated fell within 
three different linguistic areas. Given the time depth 
covered by the sites, it is argued that these divis ions, 
while useful for placing the area and its written record 
within a context, are not really relevant to the examination 
of the archaeological assemblages. 
I now proceed to consider the evidence of that written 
record for the islands of the Buccaneer Archipelago and 
adjacent mainland coast, together with areas north and 
south where relevant, in respect of population numbers 
of the traditional inhabitants, their resource use, settle­
ment pattern and the seasonal subsistence cycle. The 
reliability of the source material varies enormously, from 
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Figure 2.1 Study area showing archaeological sites and traditional locations of Kimberley languages (after map produced by the Kimberley 
Resource Centre, Halls Creek, WA, 1 99 1  ) . 
the earliest records which are sparse and often inaccurate 
through to recent ethnographic studies which, while 
reliable in terms of methodology, document a population 
that has long been dependent on European goods and 
lived for the most part away from their traditional lands. 
ETHNOHISTORY 
McBryde ( 1978a, 1979a) has emphasised the importance 
of distinguishing between the different types of source 
material. Ethnohistory in McBryde ' s (1978a:1) words 
comprises: 
historical l i terary accounts of contact s ituations 
relat ing to the cu lture and l ife of non- l i terate 
societies . . .  writings such as the reminiscences of 
early settlers, their d iaries and letters , and the 
journals of explorers . 
Information from such sources is often ' fragmentary, 
elusive and contradictory ' ( McBryde 1978a :3), but 
archaeologists use them as a convenient 'quarry'.  I make 
unashamed use of the ethnohistorical record for the west 
Kimberley in this way, but I pay regard to the context 
and reliability of the sources involved, which extend from 
the late 17th to the early 19th centuries. In contrast, the 
term ethnography is used by anthropologists to refer to 
'descriptive accounts of a single culture, as opposed to 
comparative and theoretical studies' ( McBryde 1979a: 
128-9). For the sake of simplicity the records will be 
covered in chronological order. 
It should be noted at the outset that in all probability 
the first regular outside visitors to the area were 
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Figure 2.2 Study area showing tribal boundaries (after Tindale 1 974) . 
Indonesian trepangers ( cf. Macknight 1 972), who left 
no written accounts of their encounters with the 
Aboriginal inhabitants. They introduced the tamarind 
tree (Tamarindus indica), which often marks the sites of 
their former camps. I have seen one growing at One Arm 
Point, which suggests they travelled as far south as 
Dampierland. E.J. Stuart identified several Indonesian 
campsites in Yampi Sound while travelling up the 
Kimberley coast in 1 9 1 7  (Stuart 1 923 :36) . There is a 
report from a government official about the presence of 
a fleet of praus in Camden Sound, further north, in 1 865, 
engaged not only in trepanging but allegedly also in 
slaving (Crawford 1 968:61 ) .  
It seems probable that in  the Kimberley, as in  Arnhem 
Land, there was a record of hostility between the Indo­
nesians and the Aborigines (cf. Urry and Walsh 1 98 1 : 1 0 1) .  
This may go some way in explaining the hostilities that 
14° 
16° 
'l)ARINJIN 
occurred with early European explorations. In any case, 
it is highly likely that Indonesian contact had some 
influence on 'traditional ' ways of life in the area, even if 
it is impossible to say precisely what it was. 
Sources 
The earliest ethnohistorical accounts of the Kimberley 
are from navigators like Dampier in 1688 ( in  King 
1 827 :98) and Baudin in 1 80 1  ( 1 974).  They include few 
firsthand reports of contact with Aborigines and refer 
mainly in this respect to recent fires and abandoned 
campsites (e.g. Baudin 1974:23 1 -7) .  Later explorers like 
King ( 1 827) and Stokes ( 1 846) were also primarily con­
cerned with the coast and coastal waters. 
The first concerted attempt to explore the mainland 
was that of Sir George Grey, who established a base at 
Hanover Bay in early December 1 837 and investigated 
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Figure 2.3 Four women and dogs on a double raft (kalum) . Photo by W. Jackson, Northwest Scientific Expedition of 1 91 7  (copyright held by 
the Western Australian Museum, Francis Street, Perth). 
the Prince Regent and Glenelg Rivers (Fig . 2.1). His 
reports (Grey 1841) prompted two expeditions to 
Camden Sound (Fig. 1.1), one of exploration in 1863 
(Martin 1865) and one of abortive settlement in 1864 
(Battye 1915:22) . These ventures were followed by 
others: Sholl at Sale River in 1867 (Brockman 1902:5), 
McRae along the Fitzroy in 1866 ( McRae 1881) and 
Forrest as far as the King Leopold Ranges and then inland 
along the Fitzroy into the east Kimberley in 1879 (Carter 
1971 :16-17; Forrest 1880) (see Figs 1.1 and 2.1). 
The most significant outcome of these journeys was 
the opening up of the west Kimberley for pastoral 
stations.  As has been mentioned, the first station was 
'Yeeda ', near the present town of Derby, set up by F .S .  
Brockman in 1882 and by 1883 eight stations had been 
established along the Fitzroy, Meda and Lennard Rivers 
(Battye 1915:32). With the stations came the demand 
for unpaid labour. Aborigines were recruited as stockmen 
and families moved on to station camps, severely disrupting 
the patterns of traditional life. 
Three expeditions of the early 1900s conclude this 
catalogue of ethnohistorical observation . In 1901 Brock­
man came west from Wyndham into the Isdell and Charnley 
Rivers region, noting that the Aborigines he encountered 
had axes and chisels of iron (Brockman 1902: 11). In 
1916 H. Basedow passed through recently established 
pastoral stations with Aboriginal camps east of Derby as 
far as the Napier Range, where he encountered Aborigines 
living traditionally (Basedow 1918:135). Returning to 
Derby, he sailed along the coast and through the islands 
to Port George IV Mission, established four years earlier 
on the mainland opposite Augustus Island (Fig. 2.1). Fin­
ally, in 1917 E.J. Stuart mounted an exploring expedition 
which went by sea from Broome to Wyndham, making an 
important contribution to the ethnohistorical record 
through the photographs taken on it (e.g. Fig . 2.3). He 
anchored off the Montgomery Islands in June 1917, 
where his crew had no trouble replenishing supplies as 
the waters for miles around were 'teeming' with dugong 
(1923:57). On one of the smaller islands nearby, possibly 
High Cliffy, Stuart met a small group comprising eight men, 
four or five women and a ' sprinkling ' of children. They 
seemed to Stuart to be unfamiliar with English, although 
one of the men was wearing a European hat ( 1923: 60-1). 
After leaving the Montgomery Islands Stuart called in 
at Kunmunya Mission, the successor to Port George IV 
Mission (1923:64). It  seems highly likely that all the people 
Stuart had encountered in his passage through the research 
area were in some sort of contact with the mission to the 
north . Even if they had not visited it, the mission lugger 
regularly sailed by them on its way to Broome. The 
missionary Love (1936:9) reports stopping the lugger 
on the homeward voyage so that his crew could chat 
with friends and relations, drop off tobacco or collect 
turtle eggs for their families at the mission. 
As well as the mission lugger, there was a small but 
regular flow of other vessels through the area, in search 
of ebony, pearls and shell. It was in fact to 'protect ' the 
Aborigines at Port George IV Mission from the undesir­
able influence of the crews of such ships that the original 
mission was moved inland to Kunmunya ( McKenzie 
1969:39) . 
Interestingly, Stuart notes that in 1921 claims to the 
iron-ore deposits on Cockatoo and Koolan Islands had 
already been taken up (1923:36-7) . Blundell (1975:45) 
records that her main informant for thi s area, Sam 
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Woolagoodja, told her that a relative had been killed by 
a white man prospecting on Cockatoo Island early in the 
century. 
Outcomes 
All the ethnohistorical observations are fraught with prob­
lems of reliability. During the earlier journeys of explor­
ation there were few attempts at direct communication, 
whilst the later ones were in all probability recording 
people who were moving in and out of a mission or 
station environment. Certainly by the time Basedow and 
Stuart were travelling through the study region, the 
Kunmunya mission appears to have been acting as a focal 
point. Regular rations were offered to Aboriginal people 
working at the mission and women and children appear 
to have left the mission confines infrequently (McKenzie 
1969:94 ). The composition of groups and patterns of 
movement will have been influenced by this. The 
numbers of people engaged in the pursuit of traditional 
activities are also likely to have been fewer than prior to 
the establishment of the mission and stations. 
Size of groups encountered 
The two largest groups were recorded by Grey and King, 
but in circumstances of hostility that suggest they were 
a response to 'the white invasion ' rather than a product 
of traditional aggregation patterns. The incident 
involving King took place in 1821. In the second case, 
the largest single assembly in any of the records, Grey 
(1841(1): 106-7) describes a gathering of about 200 men, 
women and children in February 1838 in the Glenelg 
River region. Grey 's general impression was that this 
area was very heavily populated, as few days passed 
when he did not see recently abandoned camps or smoke 
from fires or see or hear Aborigines in the bush around 
him. 
Grey ( 1841 ( I): 13 8) also reports seeing a 'large party ' 
inland of Hanover Bay, but gives no details. Most other 
sightings and encounters involved small groups occupied 
in subsistence-related activities, such as hunting forays, 
fishing parties and gathering parties of women and 
children, but there were also small mixed groups, includ­
ing children, engaged in recreation or in activities that 
are not described (Grey 1841(1):90; Stokes 1846(II):72). 
Two groups encountered by Stuart in 1917 , eight adults, 
including several women and two children at Walcott 
Inlet (1923:46), and the group of Montgomery Islanders, 
eight men, four or five women and a few children, already 
mentioned (1923:60-1), seem rather large for foraging 
units and are likely to reflect the land using unit. It is 
interesting to note that both encounters took place in 
May-June when dugong were abundant. 
What little information there is indicates a division 
of labour in the daily round, although there are a few 
accounts of mixed ventures, such as King's (1827(II): 
201) description of shellfish collecting at Cape Leveque. 
Subsistence-related activities 
Only a very general impression can be gleaned from the 
sources. The subsistence activities described by Grey, 
Stokes, King, Martin and Stuart all emphasise the import­
ance of coastal resources. Dampier (in King 1827(II):7) 
was the first to record the collection of shellfish and this 
is subsequently the most frequently mentioned resource. 
Turtles and turtles eggs were also often noted ( King 
1827(I):290; Martin 1865:265). The activity of fishing 
was observed by Grey (184 1(I):90) and Stokes recalls 
seeing bones of a freshwater 'tortoise ' and of 'young 
alligators ' strewn around abandoned hearths ( 1846(II): 85). 
Less frequent are descriptions relating to terrestrial 
fauna or vegetable foods in the diet. In one case, Grey 
(1841(1):2) observes that kangaroo bones were 'plenti­
fully strewed about ' old campsites at Hanover Bay. 
Yams are the most frequently referenced vegetable food 
(Love 1936:71; Stuart 1923:44), although a variety of 
other plants such as pandanus, beans, cycads and boabs 
are mentioned (Grey 1841 ( I): 109, 112-13 ,  172; Martin 
1865:266, 274). Unfortunately, many of the descriptions 
are too vague to allow specific identifications. 
Boabs (Adansonia gregorii) do not commonly occur 
on the coastal mainland or islands south of the 
Montgomery group. On small islands such as High Cliffy 
they are often solitary and stunted in appearance. Grey 
( 1841(I): l 12) extols the qualities of the boab at length: 
The foliage of this  tree was s l ight, but graceful, 
and it was loaded with a fruit of an ell iptical form, 
as large as a cocoa nut. This  fruit  was enclosed in 
a rind . . .  and inside the r ind was a shel l  containing 
a soft white pulp, in which was placed a species of 
almond, very palatable to the taste . . .  upon the bark 
of these trees being cut, they y ielded in smal l 
quantities a nutritious white gum, which both in 
taste and appearance resembles maccaroni; and 
upon th i s  bark bei ng soaked in  hot water, an 
agreeable mucilaginous drink was produced. 
Beneath these trees he notes he often found the 
remains of fires and camp debris and the bark of the 
trees had sometimes been cut to produce successive rows 
of notches ( 184 1 ( I): 1 12). 
Grasses are not mentioned as a food source for the 
area, despite the existence of extensive grass plains inland 
on the major rivers. Much further to the north, at Cape 
Londonderry, King ( 1827( I):3 14) reports the use of grass 
seeds, but for the study area all sources are unanimous 
that they were not utilised (see Love 1936:77). Grasses 
in this area are poorly developed, consisting mainly of 
spinifex (Plectrachne pungens) and annual species of 
Sorghum ( Beard 1979:53). With this in mind, it is 
interesting to note that no grinding material was found 
within any of the excavations. I was told by my Jawi 
consultant, Khaki Stumpagee, that the grinding slabs we 
located on High Cliffy Island had been used to sharpen 
metal harpoon heads and this was supported by the rust 
staining on their upper surfaces. 
Islands 
There are no reports of direct contact with people on the 
islands in the ethnohistorical sources. Dampier was the 
first to refer to island use, describing a large number of 
people, whom he called Indians, on an island thought to 
be east of Cape Leveque (in King 1827(11):94). Later Stokes 
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(1846(I): 164-5) reports seeing fires on islands and records 
one fire burning upon an island 'eight or nine miles from 
the main, between which, however, a chain of smaller 
ones formed links of communication'. Stuart 's (1923:56-
61) reports of the Montgomery Islands create a vivid 
impression of the remarkable richness of the waters and 
reefs surrounding them, but provide little information 
about their Aboriginal use. 
Mangrove rafts 
Good records exist for the raft (kalum) which provided 
the means of travelling to the islands. It was constructed 
from poles of a very light species of mangrove, Camp­
tostemon schultzii, with a fairly restricted distribution 
(Smith and Kalotas 1985:336). The earliest descriptions 
refer to the single raft (King 1827( 1 1):69 ; Martin 
1865:265; Stokes 1846(I): 112, 175) or even the use of a 
barely modified mangrove trunk and roots (Stokes 
1846(I):173, 174), while later accounts describe and 
illustrate a double raft (Stuart 1923:22; see my Fig. 2.3). 
This inconsistency between the sources is difficult to 
reconcile. It is conceivable that the earlier observers 
saw people using only one half of the double raft or that 
both types of craft were in use in this area simultaneously. 
Davidson ( 1935a: 143-9) surmises that the double raft may 
have been a fairly recent introduction from the north, 
where the technology was pushed south as it was 
replaced, from further north again, by the dugout canoe. 
ETHNOGRAPHY 
While the early accounts describe a culture less disrupted, 
by far the most informative descriptions come from 
Reverend J.R.B. Love (1936), who lived with the Worrorra 
at Kunmunya Mission at Hanover Bay. Love wrote at 
length on the material culture ,  art , language and 
mythology of the Worrorra ( 1917, 1930, 1936, 1950). 
Love's writings should more properly be characterised 
as ethnography since, while not a trained anthropologist, 
he was a fluent speaker of W orrorra and devoted much 
time to the study of the traditional activities carried out 
around the mission. By contrast, the ethnographic studies 
carried out in the west Kimberley after his time focussed 
primarily on traditional areas of anthropological concern 
like kinship, totemism and ritual (Elkin 1932, 1933; Lucich 
1968; Petri 1952, 1954). 
Material culture 
Love ( 1936) gives full accounts of the manufacture of 
stone spearheads, fishing and hunting spears and other 
items of extractive equipment in everyday use. 
Mangrove rafts 
Of particular interest in the context of this monograph is 
Love 's account of the manufacture and use of the double 
raft, essential not only for crossing to islands but equally 
so for passing over the wide river mouths and tidal inlets 
that dissect the mainland Kimberley coast. An 
abridgement of his detailed description is  given below: 
Light poles of soft mangrove wood, about ten feet 
in length, are cut down and tapered at the two 
extremities with the stone axe. Usually about nine 
poles are used for the lower raft and about seven 
for the upper raft. These poles are nailed together 
with hardwood pegs, of about a foot long. The 
pegs are chopped from a hardwood tree with the 
stone axe, split longitudinally to make them the 
easier to drive, and hammered, with a stone, 
through one pole into the next. Each successive 
pole is just hammered into the last with three or 
four pegs. When the two sections of the double 
raft are completed, they are placed, one lapping 
over the other, small ends to the centre. They are 
not fastened together, the navigator relying on his 
weight to hold the two sections together in the sea. 
The paddle is a piece of red mangrove, cut so that 
the spreading root makes a blade . . . the W orora 
man is skilfu l  and graceful in his use of it, dipping 
for a few strokes on one side, then changing over 
to the other side . . .  At the rear end of the upper raft 
is a l ittle enclosure made by hammering sticks into 
the wood of the poles. In this enclosure the fisherman 
puts fish he spears, and personal belongings he may 
be taking with him. (Love 1 936:7) 
Love (1936:8) reports that the kalum had a limited 
distribution from King Sound to the Prince Regent River, 
the Worrorra being the most northerly users of it. The 
Wunambal people to the north of the Prince Regent used 
the dugout canoe, a sharp distinction which Love finds 
surprising in view of the close kinship and marriage ties 
between the Worrorra and the Wunambal: 
In the last few years the dugout is coming into fashion 
among the W orora, and several of the W orora men 
now own a dugout canoe, which they have made 
themselves. (Love 1 936:8)  
Subsistence-related activities 
Although he made many trips into the bush with 
W orrorra people, Love makes only very generalised 
comments on this subject. Again, his excursions into 
the bush were determined by the demands of life at the 
mission rather than the seasonal calendar of the Worrorra. 
Unfortunately his descriptions of most of the food items 
he witnessed eaten make no reference to the timing of 
the event. 
As would be expected, he stresses the importance of 
fish, turtle, turtle eggs and dugong (1936:6, 12). In agree­
ment with Stuart, he states that the Montgomery Islands 
were a 'favourite haunt of the dugong ' (Love 1936:6). 
He passed through these islands whenever he made the 
lugger trip from Kunmunya to Broome and reports 
always meeting people in their vicinity. 
Except to stress that mangrove fruit and grass seeds 
were not eaten by the Worrorra (1936:15, 77), Love 
mentions no plants specifically, apart from the yam, 
which he says occurs most prolifically in rocky ground 
(1936:16). 
Male and female group activities 
Kangaroo hunts involving large cooperative parties of 
men took place from May till July, or 'indeed as long as 
there is any country with grass to bum ' (Love 1936:85). 
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The bums which flushed out the kangaroos were exclus­
ively male ventures. Love describes how the kangaroos 
would break from the wall of flames and how after 
several successful spearings the men would retire to a 
convenient spot, cook their catch and devour as much of 
it as possible on the spot. Only if any meat was left 
would it be returned to the base camp for division among 
the women and children. Love relates the corollary of 
this amongst the women: 
Naturally, in return, when a party of women, out 
on the day ' s  food quest, capture a kangaroo with 
their dogs, they are not going to tel l  the men about 
it; but wil l  enjoy a good meal of meat, quietly by 
themselves ( 1 936:87). 
The division of labour in the food quest and the 
economic autonomy of male and female foraging groups 
is strongly stressed by Love in all his descriptions of the 
everyday life of the W orrorra. He states that women are 
pre-eminently the food and firewood providers: 
The men 's  share of food providing is to spear fish, 
turtle and dugong or other sea animals, and to hunt 
big game on land; but it  fal l s  to the women to 
provide the staple foods: roots, fruits, small game 
and wild honey . . .  Not ti l l  they have found some­
thing to eat, dug it out of the ground, caught it with 
the dog, or chopped it from a hollow tree, wil l  they 
break their fast; and, on three days out of four, the 
men will  not eat till their wives return in the evening 
with the day ' s  collection. (Love 1 936:66-8) 
Love states that the women foraged in groups of half a 
dozen or so. Each woman owned three or four dogs, which 
were very effective in the pursuit of small game. The 
women's basic tool kit consisted of a digging stick, a 
hafted stone tomahawk and a fire drill, which were 
carried in a large bark dish (Love 1936:67-8). 
ETHNOARCHAEOLOGY 
In 1972 Blundell undertook research in the west 
Kimberley which later formed the basis of her PhD 
dissertation. The primary goal of her study was to 
'document the traditional cultural patterns of certain 
hunting and gathering societies' and to ' link ethnographic 
data to archaeological remains ' (1975:v-vi). Blundell 
visited several of the areas described in this volume and 
questioned her Aboriginal consultants about traditional 
land use patterns. Unfortunately most of Blundell 's 
informants were Ngarinyin people, inland of my study 
area, but one Worrorra informant, Sam Woolagoodja, 
was able to provide specific information about land use 
in the study area. Woolagoodja 's mother was Umiida 
and he had spent his life in the Buccaneer Archipelago, 
so he had detailed and extensive knowledge of the broader 
region (Blundell 1975:161). From the point of view of 
the archaeologist, Blundell ' s dissertation is a most 
valuable source of information for this area of the west 
Kimberley. 
As regards the 'territorial boundaries ' of the three 
language groups occupying the study region, the 
Yawijibaya, whom Blundell ( 1975:63) calls ' Wina­
widjagu', the Umiida and the Worrorra, she does not 
differ substantially from Tindale ( 1974) (Fig. 2.2) about 
their demarcation, although, as a result of her work, she 
is able to provide a lot of auxiliary information about 
the location of individual clan estates. On some import­
ant points, however, their accounts diverge markedly. 
The most important of these for the present study relates 
to the status of the Yawijibaya as a separate 'tribal group ' 
and the extent of its traditional lands. This is discussed 
in detail in Chapter 6, in the context of the prehistoric 
use of High Cliffy Island (cf. O'Connor 1987). 
Social organisation and land use 
The social organisation of the W orrorra has been 
discussed at great length in the literature (Blundell 197 5; 
Elkin 1932; Lucich 1968). However, a brief description 
of it is necessary for an understanding of people 's 
movements, their patterns of aggregation and dispersal, 
their procurement of resources on a seasonal basis and 
their occupation of sites. 
Within the study region each clan is said by Blundell 
( 1975:68) to belong to a definite and named territory 
and she found that boundaries of clan estates could be 
clearly identified by her informants. Clans exercised 
hunting and religious rights over their clan estates, but 
settlement and foraging range were not restricted to these 
estates (cf. Starmer 1965:2). Within each clan territory 
was at least one painted shelter, well known for the large 
brilliantly coloured ancestral Wandjina figures depicted 
(cf. Crawford 1968). Frequently associated with the 
W andjina paintings is a myriad of other motifs portraying 
mythological beings and a wide variety of plants, animals 
and items of material culture. Widgingarri Shelters 1 and 
2 (Fig. 2.1) are typical of such shelters. Among the 
W orrorra these painted sites serve an important function 
for the clan members who preside over the estate in which 
they are located. Represented in its major site, each clan 
had its own named Wandjina, as well as the plants and 
animals which were the totems of the clan. Their 
replenishment in the natural world was the ultimate 
responsibility of the clan. This was achieved by repainting 
the motifs in the shelters (Blundell 1975:72). The 
paintings were always retouched at the end of the dry 
season. This was regarded as essential to ensure that the 
rains would come and replenish the earth. From this it 
can be seen that the yearly round is intrinsically bound 
to social organisation, which has its expression also in 
the art and mythology. 
Clans per se are not residential or land using units, 
although residential units most frequently consist of a 
core of male and unmarried female members of the same 
clan. Blundell ( 1975:67) says that: 
patri l i neal  c l ans in the west  Ki mberley are 
exogamous in nature. Each clan ideally gives its 
women to two other clans and receives women in 
marriage from two additional clans. 
Each clan is assigned to one of two exogamous patrilineal 
moieties (Blundell 1975:79). The exception to this 
appears to be the Yawijibaya of the Montgomery Islands. 
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Blundell ' s informant stated that they did not follow the 
asymmetrical exogamous system of wife exchange 
between 'tribes ' that was normative for mainlanders, but 
rather practiced direct or restricted exchange of wives 
between their own island clans. 
As is usually the case in Aboriginal Australia, women 
tend to live in the residential group to which their 
husbands belong, although, for numerous reasons, 
exceptions to this are not uncommon (for a full discussion 
of kinship and marriage systems see Lucich 1968). The 
residential land using group, the band, is distinct from 
the clan and is highly flexible in terms of size and compo­
sition (Blundell 1975:80). It may vary from a single 
family unit, or divisions thereof, to groups of 50 or more 
people, depending upon the time of year and the 
availability of resources. The composition of the land 
using group will also vary and both these factors will 
influence the duration of site use. 
Blundell collected detailed information on boundaries 
of individual clan estates from her Worrorra informant, 
although she stresses that there has been some fusion 
and fission between clan estates so that these boundaries 
are not immutable ( 197 5 :78). This situation has probably 
always been the case. Starmer (1965: 12), for example, 
reports cases from other parts of Australia where totem 
sites of a particular clan are found outside its estate. The 
process would, however, undoubtedly have been acceler­
ated by dislocation and local clan extinctions following 
European contact. 
Residence and movement 
Stressing the extremely flexible nature of residential 
settlement and movement, Blundell (1975:128) says that 
'patterns of movement are prirnaril y determined by the 
nature and distribution of exploited resources '. In the 
dry season water was one of the most important of these 
resources and this might lead to frequent moves as 
supplies got low or alternatively to congregation around 
large permanent sources. Conversely, in the wet season 
the sheer abundance of water could limit movement. 
Although Blundell emphasises residential moves as a 
response to availability of seasonal resources, she states 
that other factors, such as the need to resolve tensions 
and conflict or the desire to visit relatives, sometimes 
prompted the decision to move camp (1975:120). 
The size of residential groups varied from two 
individuals to as many as 200 and the given member­
ship of a group could persist for an afternoon to several 
months (Blundell 1975 :113). Similarly, duration of 
settlement varied from an afternoon to several months. 
Blundell 's Worrorra and Ngarinyin informants described 
four main types of camps. 
The day camp is a temporary camp occupied by a 
group generally composed of women and children. 
These camps are formed when a group goes out for a 
day and camps near the resources they are exploiting. 
The base camp is returned to before sunset. The day 
camp is often situated near a favourite fishing spot and 
usually used during the heat of the day to eat the 
morning's catch. Blundell makes no mention of whether 
these camps are situated near freshwater (1975:127). In 
the Australian literature this type of camp is most often 
referred to as a 'dinner-time' camp (Meehan 1988). 
Overnight camps, as the name implies, are made 
when a group leaves the base camp and does not return 
to it until the following morning (Blundell 1975:127). 
Temporary base camp describes a situation where a 
group stays away from the main base camp for up to 
several days. During this time another location will 
assume the role of the base camp (Blundell 1975:127). 
The main base camp is a camp from which the groups 
described above depart and to which they return. It may 
persist for as short a time as a week or may be used for 
as long as three months (Blundell 1975:128). 
In addition to these camps Blundell states that special 
purpose campsites would be formed for ceremonial 
purposes and on occasions such as repainting (1975: 128). 
Movement throughout country was tied closely to 
the seasonal and economic round. One of the main means 
of obtaining meat during the dry season was by co­
ordinating the activities of a group of men in a fire drive 
for kangaroos and wallabies. Blundell 's informants 
report that men were allowed to bum off the grass only 
within their own clan estate and this could only be done 
once every dry season. The later part of the dry season 
was a time when male clan members tended to congregate 
in their own estates and engage in this economic pursuit 
(Blundell 1975:467). Blundell (1975:75) notes that re­
painting served as a mechanism for bringing people 
together in their own clan estates at this time. 
Information of a specific nature on site use is in short 
supply. Rockshelters were primarily used during the 
wet season when extensive flooding inhibited movement 
and heavy rain prevented fire drives for game (Blundell 
197 5 :21, 122, 128). Because of the difficulty of movement, 
this period was characterised by a high degree of 
sedentism. The wet season was the time inland groups 
visited relatives in the coastal estates as marine resources 
were abundant (Blundell 1975:113). High Cliffy and 
other rocky islands were visited by the mainland Worrorra 
primarily at this time as sufficient water was available 
to supply large groups (Blundell 1975:152). During the 
dry season camps were usually made in the open (Blundell 
1975: 161, 167). 
The High Cliffy Islands 
Blundell records specific information about the High 
Cliffy Islands which is relevant to the archaeological 
results presented in Chapter 6. The largest of these 
islands was called ' Ngalanuru ' by the Yawijibaya. It is 
referred to simply as High Cliffy Island here. High Cliffy 
and Bird Islands were visited in order to secure eggs of 
sea birds, including herons and brown boobies, which 
nested among the rocks. The islanders are said to have 
carried gifts of eggs to mainland groups when visiting 
them (Blundell 1975:509). Interestingly, Blundell records 
sea birds as secondary foods as she says they were 
considered to taste 'too fishy ' (1975:524). Fruit-bearing 
trees and bushes were: 
said to be especial ly abundant on the offshore 
i s lands and were, along with b irds and marine 
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animals, a major incentive for v isiting these areas 
during the wet season. (Blundel l  1 975:  1 52,  543) 
The High Cliffy Islands have no permanent fresh­
water, though water readily collects in shallow pools on 
rock ledges during the wet season. People had to carry 
water from the Montgomery Islands when visiting High 
Cliffy during the dry season (Blundell 1975:152). The 
Y awijibaya are said to have run a school for mainland 
Worrorra boys, teaching them how to exploit the 
abundant marine resources of the area, and Blundell ' s 
W orrorra informant had attended this school as a young 
man (1975:96). The High Cliffy Islands were important 
not only for berries, bird eggs, dugong and the resources 
of the reef but also as the source of a highly valued form 
of opaque chert (1975:98). Blundell's Worrorra informant 
also described the function and construction methods of 
the large circular house structures on High Cliffy Island. 
These will be described in their archaeological context 
in Chapter 6.  
Fishing 
B lundell ' s description of fishing in the region emphasises 
the simple nature of the technology employed: 
Alth ough fish and other marine an imals  are 
abundant, fishing techniques among the Kimberley 
tribes were traditionally relatively primitive. Only 
simple pointed wooden fish spears and crude traps 
were employed as tools in fishing. In the absence 
of a sophisticated fishing equipment, the natives 
took advantage of features of the natural environment 
in order to exploit fish ( 1 975 :489). 
The numerous reefs both adjacent to islands and along 
the coast served as excellent platforms for fishing with 
the spear. Men stood on the edge of the reefs at low tide 
and were thus able to spear large fish in the deepwater 
pools. Fish were also speared from the kalum, although 
this was probably the least significant means of obtaining 
them (Blundell 1975:489). 
The communal fish drive, like the communal kangaroo 
drive, was an important means of accumulating a large 
supply of food. 
Groups of people would form a human fence, 
usually with the aid of hand held branches and wads 
of grass.  They would beat the water, ' driving the 
fish ' into a dead end where they were scooped out 
by hand. The fish drive could be conducted in 
either a river billabong . . .  or along the coast where 
a rocky beach aided the effort at low tide. (Blundell 
1 975 :497) 
Blundell also mentions the use of bark to stupefy fish 
in rock pools and make spearing easier (1975:497). With 
the arrival of Europeans, spears with metal prongs replaced 
the traditional wooden spears (Blundell 1975:497). 
SUMMARY OF THE HISTORICAL AND 
ETHNOGRAPHIC EVIDENCE 
The ethnohistorical and ethnographic sources indicate 
that the Aboriginal people inhabiting the study area were 
primarily concentrated on the coast, coastal river mouths 
and islands. For coastal and riverine estates the main 
emphasis on resources seems to have been centred on the 
shoreline. Blundell's note that the coastal Worrorran clans 
were 'said to own or belong to a body of water ' adequately 
highlights Aboriginal perception of the ecological signif­
icance of the estate (1975:576). This appears to be reflected 
in population densities, which were significantly higher 
on the coastal margins than inland . 
While it is true that many of the explorers moved 
along the coast and up the rivers, which would account 
for the impression of higher population in these areas, 
there are reports that indicate that the observations do in 
fact reflect the real situation. Grey, for example, recalling 
Lushington 's journey into the Stephen's Range at the 
source of the Glenelg River, comments that no effects 
of firing were to be seen and that the animals encountered 
seemed less timid than elsewhere. He surmises that the 
elevation of the area and the difficulty of access were 
probably responsible for this (Grey 1841( I): 223) . 
Stokes 's impression of Dampierland was that it was 
' thickly populated ', but that this dense population was 
'confined to the neighbourhood of the sea'  (1846( 1):93). 
Reconstruction of precontact population levels for 
the area is now extremely difficult. Elkin (1932:297) 
gives a population density estimate for the Kimberley 
region of one person per six or seven square miles (one 
person per 15-18 km2). When the size and diversity of 
the Kimberley region are considered, it seems unlikely 
that this estimate would be applicable to the coast. For 
Dampierland, Elkin ( 193 3  :45) estimates a density of one 
person to about four or five square miles ( 10-13 km2). 
He adds that ' all the "hordes" countries are (or were) 
situated along the coast ' and population along the coastal 
margin was dense. Even Elkin ' s figure for Dampierland 
probably severely underestimates the population density 
in the study area. The fact that some of the small offshore 
islands appear to have been permanently inhabited 
(O'Connor 1987; Tindale 1974: 147, 242) also suggests 
that population densities on the coast may have been 
very high. The size of tribal territories in the study area 
compares favourably with those in Arnhem Land 
(Tindale 1974: Tribal Boundaries Map, NW Sheet), 
where population densities were much higher than the 
figure quoted by Elkin (Bowdler 1977: 208) . Such 
comparisons, however, rely on 'tribal ' group size being 
comparable and figures are not available for the study area. 
B lundell (1975: 104) h ad no direct genealogical 
information but estimates the Worrorra to have been about 
500 strong. The Umiida and Y awijibaya, she thinks, 
would have been smaller groups because they had smaller 
territories, but this is based purely on speculation. 
It must be emphasised, however, that there are major 
difficulties involved in the reconstruction of traditional 
population densities, especially in coastal areas where 
contact with Indonesian trepangers may well have dis­
rupted groups well before the documented historical contacts 
occurred (cf. Chase and Sutton 1981) . The Indonesians on 
the praus reported by the Government official at Camden 
Sound in 1865 were said to number approximately 300 
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(Crawford 1968:61). The impact of this type of contact 
may have been considerable, both in a direct sense through 
warfare and indirectly through the introduction of disease. 
Marriage, kinship patterns and relationship to clan 
estates appear to be common for all groups of the study 
area, except perhaps the Yawijibaya of the Montgomery 
Islands. Information indicates that they had a much smaller 
social and economic universe than the other groups of the 
study area. 
Rockshelters were said to be used mainly during the 
wet season when protection was required from the heavy 
rains. At this time populations were generally more 
sedentary and water and coastal resources were abundant. 
During the dry season camps were usually made in the 
open (Blundell 1975:161, 167). 
Repainting ceremonies may have functioned to bring 
together the owners of a clan estate for economic pursuits 
at the end of the dry season when resources were other­
wise scarce. For the clans resident on High Cliffy Island 
and Koolan Island, however, this would not have been 
for communal hunting drives, as neither island supported 
any terrestrial fauna larger than small dasyurids. Fish 
drives may have fulfilled the same function on the 
islands. 
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THE PRESENT CLIMATE 
The climate of the study area is strongly seasonal and 
may be characterised as tropical semi-arid (Beard 1 979: 1 7). 
Temperatures are high throughout the year. Even in the 
coolest month maximum temperatures can be above 30° C 
and minimum temperatures rarely fall below 18° C (Beard 
1 979:20; Jarvis 1986:23). Figures for Cockatoo Island 
show a mean annual rainfall of 9 19 mm. Almost all 
rainfall occurs between December and March and the 
consecutive months July to September are commonly 
rainless (Jarvis 1 986:23). 
Two major weather types can be recognised, each 
characterising one of the major seasons; these are separ­
ated by short transition periods (Beard 1979: 1 8). Between 
May and October prevailing winds over the Kimberley 
are easterly, with little cloud. Towards the end of the dry 
season prevailing winds tum westerly in coastal districts. 
The westerly winds are accompanied by increased humidity 
and scattered thunderstorms develop as the wet approaches. 
The westerlies are not permanent but are displaced from 
time to time by easterlies. During the wet season the west­
erlies continue and there is a marked increase in humidity 
and rainfall. Much of the rain comes from thunderstorms, 
but the most widespread heavy falls occur as a result of 
cyclonic disturbances. Cyclones bring very strong winds 
and rains and heavy falls may continue for several days 
after a cyclone has abated. Cyclones frequently originate 
in the Timar Sea but occasionally come from the Arafura 
Sea (Beard 1 979: 1 8). The Buccaneer Archipelago lies 
directly in the cyclone path. 
The differences between the wet and dry seasons are 
dramatic. During the wet season the landscape is trans­
formed: steep gullies become a series of waterfalls and 
tall grass as high as 1 .5 m covers the deeper soils. As we 
saw in the last chapter, this seasonal variability has 
important implications for both Aboriginal occupation 
of the mainland and exploitation of the offshore islands. 
Firstly, shelter is likely to be a major factor in determining 
site location during the wet season,  as a consequence of 
heavy rains, offshore winds and cyclones. In summer, 
the extreme temperatures may also have made shelter a 
significant factor in choice of site location. Secondly, 
the seasonal influence on the sea would have affected 
water travel, which would have been impossible if thunder­
storms or cyclonic activity were pending. Thirdly, while 
surface water would have been abundant during the wet, 
its more limited distribution during the dry season would 
have placed constraints on longterm occupation of some 
areas. Several ethnographers have documented the 
seasonal calendar as perceived by the Bardi, Worrorra and 
Wunambal peoples of the Kimberley coast (Blundell 
1975:20; Crawford 1982; Smith 1987) and the ways this 
operated in the study area were discussed in the last 
chapter. 
TOPOGRAPHY AND TIDES 
The topography of the study area at the Kimberley coast 
can best be described as dramatic (Figs 3. 1 and 3.2). The 
Precambrian sandstones give rise to rugged, dissected 
terrain with joint-controlled gorges and drainage. Fresh­
water is common in this sandstone country, rising to the 
surf ace as springs that sometimes appear in tidal creeks 
and rock platforms and are drowned at high tide; 
Freshwater Cove on the coast near Widgingarri is one such 
example (Fig. 1 . 1 ). Elevations range from 30 to 240 m 
above sea level (Gellatly and Sofoulis 1973:5). The rocky 
ridges are fringed in many places with scree slopes which 
rise sharply from narrow valleys. Streambeds are often 
lined with angular or rounded boulders of quartz 
sandstone and in the dry season provide the best access 
into the interior. Many of the streams have deep rock 
pools which, if shaded, will hold water well into the dry 
season. Soils are poorly developed and stony on the 
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Figure 3.1 Aerial view of Cockatoo Island, looking north west. Note extremely steep topography and small sandy embayments. 
sandstone ridge tops and scree slopes and only in shallow 
valleys is there any appreciable soil depth. 
Island and mainland shorelines are usually rocky, 
although occasionally small sandy beaches occur between 
headlands (Fig. 3.2). Most of the sandy beaches in the 
survey area are almost totally inundated at high tide. As 
sandy beaches are favoured camping locations, it is 
hardly surprising that open campsites appear under­
represented in the archaeological record. The effect of 
topography and tides as a limiting factor on choice of 
campsite location, as well as on the survival of cultural 
materials and site visibility, is obviously significant and 
has been discussed at length elsewhere (O'Connor 1989) .  
Along the sheltered shorelines and in the protected 
bays littoral mudflats support extensive mangrove stands 
if inundated regularly . No developed mangrove stands 
exist in the immediate vicinity of the excavated sites, 
but large stands are only a few kilometres away. Shallow 
rocky shoals and coral reefs occur around many of the 
islands and some increase markedly in area at low tide. 
The Montgomery and High Cliffy Islands are extreme 
examples of this. 
An understanding of the effect of the tides on 
topography is fundamental to an understanding of 
Aboriginal exploitation in this area. The Kimberley coast 
is noted for the extreme variation in the rise and fall of 
its tides. High tides can exceed 10 m (Australian National 
Tides Tables 1990), bringing about marked changes in 
the shape and size of the coastline. Additionally, the 
subtle combination of tide and wind can tum water as 
calm as a millpond into a boiling torrent in the space of 
half an hour. An understanding of these processes would 
have been absolutely essential for the Aboriginal 
navigators of the inlets and islands, as the tides must have 
controlled all water movement. 
VEGETATION 
The research area includes two distinct vegetation zones 
as defined by Beard (1979:7 1). Koolan Island lies within 
the Fitzgerald Botanical District, whereas High Cliffy 
Island and the adjacent mainland lie within the lusher 
Gardner Botanical District. These divisions are less 
apparent than might be thought, as both on the mainland 
and islands the vegetation is sparsely developed in elevated 
areas. Despite the impact of the wet season, the long dry 
season exerts a dominating influence on the Kimberley 
vegetation, although the occasional deep seasonally wet 
gullies and spring-fed creeks or pools support denser 
vegetation. 
Koolan Island 
Koolan Island lies within the Y ampi Peninsula sub­
province of the Fitzgerald Botanical District (Beard 
1979:7 1 ). To date, no published vegetation mapping in 
this area has been based on field survey and Beard 
(1979:82) states that his descriptions are largely pre­
sumptive and derived from aerial photo interpretation. 
The dissected sandstone scree slopes support a low open 
woodland of eucalypts (Eucalyptus dichromophloia and 
E. miniata), ground cover being mostly spinifex (Triodia 
racemigera, T. pungens and Plectrachne pungens) and 
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Figure 3.2 Aerial view of Koolan Island, looking south east. Yampi Sound, separating Koolan from the mainland, is the water body shown 
in the top third of the plate. 
grasses (Chrysopogon fa/lax, Sorghum stipoideum , 
Eragrostis eriopoda and Alloteropsis semialata) (Beard 
1979:82-3; Petheram and Kok 1983:193). The ridge tops 
support either stunted Acacia spp. and curly spinifex 
(Pletrachne pungens) or coastal heath associations. In 
the gull ies denser vegetat ion is found, w ith some 
development of vine thicket, especially in those that are 
spring-fed and wet for most of the year. Figs (Ficus 
leucotricha and F. platypoda) are commonly seen in 
cracks in rocky outcrops and in front of shelters, 
including Koolan Shelter 2. 
Some economically important species have a patchy 
distribution throughout the area, but these are ignored in 
the botanical literature. Pandanus (Pandanus spiralis) 
groves are common on the mainland wherever freshwater 
is found. The early ethnohistorical accounts recognise 
pandanus as a reliable indicator of underground seepage 
or springs (e.g. Martin 1 865:254) and they were also 
occasionally used by west Kimberley Aborigines as a 
substitute for mangrove timbers to build rafts. Yams 
(Dioscorea spp.) are also reported in the ethnohistories 
and by my informants as a very important plant resource 
which is widely distributed on the mainland and on the 
islands. In fact, their distribution and abundance on the 
islands is said to be greater than for similar mainland 
areas. According to Blundell ( 1975:152, 543), the islands 
were important sources of plants which fruited during 
the wet season and provided sufficient food to support 
large groups of people. Unfortunately she gives no 
specific details as to the species used or the size of 
aggregations sustained. Remains of several economically 
important species were recovered from the High Cliffy, 
Koolan and Widgingarri shelters. 
The High Cliffy Islands and Widgingarri 
mainland 
These localities fall within the Prince Regent Plateau sub­
province of the Gardner Botanical District. This sub­
province coincides with the outcrop of King Leopold 
Sandstone. As with the information for the Fitzgerald 
District, the vegetation description is based on very 
l imited sampling, aerial photo interpretat ion and a few 
comprehensive surveys in small areas, such as Miles and 
B urbidges ' ( 197 5) survey of the Prince Regent Reserve, 
which is really too far north to be readily applicable to 
the study area. 
The vegetation of the mainland is described by Beard 
( 1979:51) as the Eucalyptus dichromophloia sub-alliance, 
which occurs on the rugged sandstone country with 
shallow skeletal soils and much outcropping rock. The 
tree layer is variable in height, averaging about 10 m. 
Smaller trees, such as Bu chanania obovata ,  
Brachychiton diversifolius , Syzygium suborbiculare , 
Gardenia pyriformis, Grevillea cunninghamii, G. heli­
osperma , G. pteridifolia , Melaleuca spp., Owenia 
vernicosa, Persoonia falcata , Petalostigma pubescens, 
Planchonia careya , Terminalia spp. and Vertilago 
viminalis, are scattered throughout. Shrubs are also common 
and include Acacia of several species, notably A. monticola, 
A .  sericata var. dunnii and A. tumida, as well as Bossiaea 
bossiaeoides, Calytrix brachyphylla, Grevillea agrifolia, 
J acksonia argentea , J. th esiodes and Verticordia 
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cunninghamii (Beard 1 979) . The fruits of several of the 
shrubs and trees such as Acacia spp. , Buchanania obovata 
and Terminalia spp. were eaten by the Bardi to the south 
(Smith and Kalotas 1985) and in the Kalumburu region 
to the north (Crawford 1 982) and seeds of these species 
have been recovered from the Widgingarri shelters . 
Other species, while not important in a dietary capacity, 
were of immense importance in other ways . These 
include Melaleuca , boab (Adansonia gregorii) and some 
species of mangrove. The preceding chapter has 
commented on the distribution and use of economic plants 
in the study area. 
FAUNA 
As would be expected, the terrestrial vertebrate fauna, 
avifauna, marine fauna and invertebrate fauna of the 
Kimberley coast are rich and diverse. Few faunal surveys 
directly relevant to the study area have been undertaken, 
but such information as exists will be discussed in 
Chapters 4, 5 and 6 within the context of the faunal re­
mains recovered with the archaeological assemblages. 
PALAEOCLIMATE 
The Quaternary palaeoclimatic history of north western 
Australia remains largely unknown. For the most part 
reconstructions have been based on worldwide 
palaeoclimatic trends and extrapolation from detailed 
palaeoclimatic studies from other parts of Australia 
(Jones and Bowler 1 980; Samthein 1 978). The applic­
ability of these studies to north west Australia remains 
untested . The study of specifically northern sequences 
has been frustrated by a lack of sites and inadequate age 
control (see for example Bowler 1 983a and 1 983b) . 
Additionally, several of the studies have produced 
conflicting results and, in one case, results which are at 
variance with the Australian evidence elsewhere (Wyrwoll 
et al. 1 986). 
Evidence for a period of higher precipitation and lower 
evaporation, as shown by the expansion of the southern 
lakes in the Willandra system, western New South Wales, 
Lake Tyrell, north west V ictoria, Lake Frome, South 
Australia, and Lake George, near Canberra, followed by 
a period of intense aridity in southern Australia during 
the late Pleistocene, is well established (Bowler 1976, 
1 983c, 1 983d) . The southern Australian data also indicate 
the onset of warmer and wetter conditions at the beginning 
of the Holocene (Bowler et al . 1976). An early to mid­
Holocene increase in temperature and rainfall, peaking 
between 7000 and 5000 years ago, is a widely recognised 
event in temperate Australia (Bowler et al. 1976:378; 
Chappell and Grindrod 1 983; Wyrwoll 1979). 
If we look at the literature for climate change in 
northern Western Australia what we see is far from a 
consensus view. While there is general agreement that 
during the last glacial maximum there was an extension 
of aridity, there is intense disagreement about the Holocene 
climatic regime of the region. 
The palaeoclimatic investigation most relevant to the 
research area is Jennings ' (1975) study of the relict 
longitudinal dune fields of the Fitzroy Estuary on King 
Sound, near Derby. Jennings identified a series of linear 
dunes butting onto the present Fitzroy Estuary. On the 
basis of dune shape and direction he interpreted these as 
belonging to a former more arid climate, suggesting their 
formation during a full glacial palaeoclimate and 
postulating a likely age of ea. 20,000 bp on the basis of 
correlations with other parts of Australia ( Jennings 
1975:2 1 5, 254) .  
The significance of  Jennings ' study is that i t  
demonstrates that this area of the western Kimberley was 
encapsulated in the expanded arid zone of the last glacial 
maximum. Jennings ' results receive support from studies 
at two northern Australian lakes. The past shorelines at 
Lake Woods in the Northern Territory and Lake Gregory 
in north west Western Australia indicate a greatly 
expanded lacustrine environment in the past. In the 
absence of definitive dates Bowler ( l  983a:5) puts this 
humid expansion at 'beyond 28 KA' and the ensuing 
period of lake contraction at 'probably well before 
25KA ' .  Dune construction around the lakes is tentatively 
equated with the last global glacial maximum about 
18,000 bp (Bowler 1 983a:5). 
The site-based studies in the King Sound and the two 
northern lakes provide evidence for the clim atic 
modelling of Jones and Bowler (1980) . Using Prescott 's 
Index, they have attempted a palaeoclimatic recon­
struction for Australia, based only on the major variations 
represented by changes in lake surface areas and the 
extension of desert dunes (Jones and Bowler 1980:Fig. 
6, shown here as Fig. 3.3) . The isoline 1=0 .5 demarcates 
the arid core conditions; the value 1=1.0 defines the outer 
limit of the semi-arid zone. Between 30,000-40,000 bp 
the available evidence from Lake Gregory and Lake 
Woods indicates that the study area would have been 
comfortably over the 2.0 isoline, experiencing conditions 
similar to those found much further north today. By 
1 8,000 bp, they suggest, a massive northerly migration 
of the savanna had occurred, with a displacement of the 
isoline 1= 1 .0 at 6° latitude (Jones and Bowler 1980:11). 
During this period of greatly intensified aridity savanna 
conditions would have been restricted to the top end of 
the Northern Territory and the Cape York Peninsula. 
V irtually all of the Kimberley at this time fell between 
the 0.5 and 1 .0 isolines (Fig . 3.3). In this regard it is 
important to note that 'regions capable of sustaining 
permanent waterbodies today, fall in areas with an index 
value greater than 1 .0 '  ( Jones and Bowler 1980:9) . 
Currently the research area falls between the 1.0 and 2.0 
isolines. 
As will be discussed in Chapters 4, 5 and 7, the 
archaeological evidence from northern Australia, 
including that derived from this project, lends broad 
support to the Jones and Bowler reconstruction.  
A different aspect of Jennings ' (1975) study at the 
Fitzroy Estuary may have implications for climatic 
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Figure 3.3 Palaeoclimatic reconstructions for the lacustral phase, 
the glacial maximum and the present (after Jones and 
Bowler 1 980:Fig. 6). 
fluctuations in the Holocene. Dead trunks of mangroves 
with circumferences far in excess of any of the living 
trees suggested the presence of tall mangrove forest in 
the past. They were dated to between 7400 and 6000 bp. 
The greater extent and vigour of mangrove growth in 
this period indicate that at this time there prevailed a 
'longer and rainier wet season than is found with the 
present tropical monsoonal semi-arid climate ' (Jennings 
1975:2 15). Semeniuk ( 1 980, 1982) also suggests a climate 
shift from humid to semi-arid during the Holocene . His 
geomorphological investigation of the sediments of the 
King Sound tidal flats at Derby led him to the conclusion 
that intensive sedimentation occurred early in the Holocene 
because a more humid climate with a longer and more 
intense wet season provided a large river run-off and 
sediment input. Since about 5000 bp conditions have 
become semi-arid and erosion has been the dominant 
regime (Semeniuk 1 982). 
Woodroffe et al. ( 1985) at the South Alligator River, 
western Arnhem Land, have also documented an early 
Holocene phase when mangrove forests were considerably 
more widespread, but attribute this to a different cause. 
Extensive dating of the mangrove facies in this area 
i ndicates that greatly enlarged mangrove swamps 
developed between 6500 and 7000 radiocarbon years 
ago and flourished for about 1 000 years. Pollen analysis 
of a stratigraphic column shows the growth of these 
forests to result from the effects of sea level rise on the 
sediment output of the river. The subsequent decline of 
the mangrove forests occurred as a result of increased 
sedimentary infill which eventually led to the establish­
ment of blacksoil plains.  The authors argue that a: 
similar pattern wi l l  have occurred in other tidal 
riv ers of northern Austral ia ,  w i th each river 
differing according to it own particular sediment 
output and the dimensions of its lower val ley and 
estuarine systems. (Woodroffe et al. 1 985 :7 1 3)  
They stress, however, that their results document a 
process that is independent of the wetter climatic regime 
proposed by Jennings (1975). 
Other investigations relevant to the Kimberley coast 
tend to support Jennings ' view that there was a shift from 
a more humid to a more arid regime during the Holocene. 
McKenzie 's (198 1:278) analysis of sub-fossil faunas 
from the south west Kimberley suggests a mid-Holocene 
period of higher rainfall followed by drier climatic 
conditions in the late Holocene. Lees ( 1 992) states that 
the mid- to late Holocene in the Kimberley was 
characterised by variability. By dating phases of dune 
mobilization, chenier building and flooding, he proposes 
that the climate from 6000 bp was basically more arid 
with several intermittent wetter phases of uncertain 
duration and intensity. 
Investigation of the sediment stratigraphy and pollen 
record at Mandora Swamp and Dragon Tree Soak in the 
Great Sandy Desert led Wyrwoll et al. ( 1986) to put 
forward an opposing view, that arid conditions persisted 
in the south west Kimberley until ea. 6500 bp. While 
acknowledging the patchiness of the data, Wyrwoll et al. 
( 1992:54) reiterate that ' the data point to the monsoon 
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regime over this part of north western Australia being 
suppressed or of a lower intensity during the ear ly 
Holocene' .  However, Wasson and Donnelly (1991:18) 
state that the data are not necessarily as anomalous as 
Wyrwoll et al .  (1992) suggest. When the delay between 
climate change and a stratigraphically visible response 
is taken into account, their results are consistent with 
those from other northern Australian sites and indicate 
that wetter conditions occurred in northern Western 
Australia between 8500 and 6500 years bp. Given the 
standard deviation on the Mandora date, 8610± 1030 bp, 
it could equally be interpreted to support the appearance 
of more humid conditions earlier in the Holocene. 
SEA LEVEL CHANGE 
The timing of sea level changes and their environmental 
implications are of importance to the interpretation of 
the archaeological material from all excavated sites and 
will be discussed in some detail . In equal measure, 
indirect evidence from the archaeological sites in the 
study area may inform on the timing of Holocene sea 
stands in the region. 
Sea level changes in the Australian region over the 
past 120,000 years are known principally from the coral 
terraces of the Huon Peninsula of the north east coast of 
Papua New Guinea and from the continental shelf of 
northern Australia. Chappel l  and Shackleton's ( 1986) 
widely used 'standard' for sea levels between 120,000 
and 20,000 years ago has been revised in the light of new 
work at the Huon terraces. Sea levels between 60,000 
and 30,000 years ago are now believed to be approximately 
20--30 m lower than those previously accepted (Chappell 
1994) . 
Dates covering the post-transgression phase are more 
widespread (Chappell 1983; Hopley and Thom 1983; 
Thom and Roy 1985). Good data for this period are 
available from New South Wales (Thom and Roy 1985), 
as well as from the Huon Peninsula (Chappell and Polach 
1991). The Huon data are consistently lower (ea. 10 m) 
than from NSW. However, good data from elsewhere 
in the world agree closely with the Huon, e.g. Barbados 
(Fairbanks 1989). One of the main problems in interpreting 
sea level change lies in separating its effects from such 
factors as erosion and progradation, shelf geometry and 
tectonic activity (Chappel l  1983; Hopley and Thom 
1983:4, 5; Thom et al. 1972). For this reason, in Australia 
as elsewhere, it is of paramount importance that sea level 
changes are viewed in terms of regional influences 
(Chappell 1983; Jennings 1975). 
Major changes relevant to the archaeological  
sequences can be summarised as follows: 
i .  At 40,000 bp the sea level was ea. -75 to -80 m 
(Chappell 1994). 
1 1 .  At 30,000 bp the sea level was ea. -80 m (Chappell 
1994). 
iii. At 18,000 bp, at the height of the last glacial maximum, 
sea level was between 130 and 120 m below present, 
on global average (Chappel l  and Shackleton 1986; 
Chappel l  1994) . However, the bathymetric contour 
now at -130 m is not necessarily the glacial maximum 
shoreline. On wide shelves, the actual shoreline would 
generally have been seaward of the -130 m contour. 
iv. At ea. 10,000 bp sea level was ea. 40 m below its 
present position and rose to its present level at a 
generalised date of 6000 bp. 
v. After 6000 bp evidence for mid-Holocene shorelines 
higher than present along the Australian coastline 
varies from ea. 0 to 2.5 m owing to continental iso­
static movement (Chappell et al. 1982 for North 
Queensland; Nakada and Lambeck 1989). 
Unfortunately, as with the data relating to the palaeo­
climatic changes discussed above, specific information 
on sea level changes in the study area is in short supply. 
On the basis of dates taken on the estuarine sediments in 
the Fitzroy Estuary, Jennings (1975:248) concluded that 
at about 7400 bp sea level lay between 0 .6 and 4.5 m 
below current mean sea level (MSL) and at about 6000 bp 
between 0 .3 and 2.0 m below. Jennings also suggested 
that there may have been a higher sea stand after 6000 bp 
of up to 1-2 m above MSL, based on lateral abrasion of 
the relict Pleistocene dunes associated with estuarine 
shore deposits. The evidence for a higher sea stand is 
equivocal, however, as all locations dated are within the 
current tidal range or that of king tides ( Jennings 
1975:248-50) . 
If there was a higher sea stand in this area, its effect 
on occupation and coastal land use would have been 
negligible. In an area where tidal variation is in excess 
of 10 m, a rise of 1-2 m would probably have gone 
unnoticed. In addition, little is known about the stability 
of tidal patterns. 
In conclusion, there are a number of points to be made 
about the research area. Sea stand corresponding with 
the earliest dated evidence from the west Kimberley 
rockshelters indicates that the sites were a considerable 
distance inland when first occupied. When sea level is 
estimated to have been between 130 to 120 m below 
present level (18,000 bp), they were over 200 km from 
the coast. During this time conditions would have been 
much more arid than either in the period preceding this 
or any time during the Holocene. Until more detailed 
studies are undertaken in the Kimberley, however, 
an assessment of the impact of changing shorelines 
throughout the span of human occupation cannot be 
attempted. 
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Koolan Shelter 2 is the first site of Pleistocene age 
excavated in the west Kimberley. Aside from the 
Widgingarri shelters discussed in the following chapter, 
it is only the second rockshelter of Pleistocene age 
reported within the wider Kimberley region (see Dortch 
1977 for the first such rockshelter, Miriwun, east 
Kimberley). 
While Koolan has evidence of early occupation, it 
has an apparent occupational hiatus between approx­
imately 24,000 and 10,500 bp. The abandonment of the 
Koolan shelter during this time mirrors a phenomenon 
seen in many sites across Australia, corresponding to the 
onset of late Pleistocene glacial aridity (Bowdler 1977:226, 
1984:139; Jones 1985:291; Morse 1988; O'Connor et al. 
1993; Schrire 1982:83-5, 118-19; V eth 1989) .  
Koolan Shelter 2 also has early Holocene evidence for 
a well-developed maritime economy, with a date on 
marine shell of 10,550 bp. This date corresponds well 
with the projected time the sea reached the north face of 
the range that today forms the northern coastline of 
Koolan. This is interpreted as evidence that people were 
on the now-drowned Pleistocene coastline and following 
the rising sea. However, Koolan only became an island 
about 8000 years ago, when the narrow valley between 
it and the present mainland was inundated. 
KOOLAN ISLAND 
Koolan is a small island nestling close to the west Kimb­
erley mainland, between latitudes 16° 00' and 17° 00' N 
and longitudes 1 23° 00' and 1 24° 00' E. The largest of 
the islands in the Buccaneer Archipelago, Koolan is 
approximately 12 km east-west and 3 km north-south 
at its widest points and has an area of 2200 hectares. It 
is only 1 km from the mainland for most of its length and 
at the eastern end a tiny island, Round Island, forms a 
stepping stone between it and the mainland. At low tide 
Round Island is separated from Koolan by only a few 
hundred metres of water and a distance of only 50 m 
separates Round Island from the mainland (Fig. 4.1). 
The topography of Koolan Island is rugged in the 
extreme. Geologically the island consists of Precambrian 
quartz sandstones and falls within the physiographic sub­
province known as the Y ampi Ridges, one of the three 
sub-provinces of the Kimberley Foreland Province 
(Gellatly and Sofoulis 1973:5). The Yampi Ridges consist 
of a series of parallel flat-topped ridges, hogbacks and 
cuestas, formed by steeply-dipping beds of resistant 
sandstone between beds of easily eroded siltstone, basalt 
and dolerite. This gives rise to rugged, dissected terrain 
with joint-controlled gorges and drainage. To the untrained 
eye the hard sandstones resemble quartzite. Elevations 
on Koolan range from 40-186 m above sea level. 
The ridge slopes are steep and covered with loose 
scree making movement along them difficult. Ephemeral 
streambeds following the narrow valleys provide the best 
means of access into the interior. Shallow and stony 
sandy soils occur on the sandstone ridge tops and scree 
slopes. As described in Chapter 3, the vegetation on the 
island is affected by the skeletal soils. Stunted Eucalyptus 
and Acacia are dominant, with lower storey species and 
spinifex. 
Shorelines around Koolan Island are rocky, although 
there are two small sandy beaches at the east end of the 
island. Both beaches are totally inundated during spring 
tides and substantially reduced even during mid-tides. 
The north coast of the island is exposed and cliffs 
rise steeply from the sea along most of its length. The 
east coast which flanks the mainland is very protected 
and has several sheltered bays which support limited 
mangrove forest (Fig. 4.1). Shallow rocky shoals and 
small areas of coral reef occur at the mouth of some of 
the bays. , 
The Koolan sandstones are extremely rich in iron­
ore, which gives the exposed rock faces a distinctive red­
black colour, as Love noted when passing in a lugger on 
his way to Kunmunya Mission in the early part of this 
century: 
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Figure 4.1 Kocian Island, showing the location of Koolan Shelter 2. Bathymetric contours based on Yampi 1 :  1 50,000 prel iminary compilation, 
Department of Defence, Canberra. 
Near the north east s ide of the Sound is the famous 
Koolan, or 'B lack ' ,  Island, an almost pure mass of 
i ron ore , separated from the mainland by the 
romantic Y ampi Canal, a narrow natural waterway 
of about one hundred yards across, pale green 
water, fringed with the dark green of the man­
groves, winding between the steep red and black 
hi l ls ( 1 936:6) 
Today the island presents a different picture to the 
passerby. Koolan Island was the site of a large open cut 
mine and settlement until 1994, when the ore deposits were 
exhausted. 
L ike other small offshore islands, Koolan has a 
depauperate range of vertebrate fauna compared with 
the mainland ( McKenzie et al. 1978:25-7). The largest 
animals found on the island today are two species of 
rock rat (Zyzomys argurus and Z. woodwardi) and a small 
native cat (Dasyurus hallucatus) . The terrestrial fauna 
on Koolan Island suffered from the introduction of dogs 
with the establishment of the mining community. Prob­
ably even more damaging have been the feral goats, 
resident on the island since at least the 1940s. 
No freshwater sources were located on Koolan Island 
that could definitely be said to have a natural origin. One 
prolific soakage was located in the upper reaches of a 
valley in the south east of the island, but in 1984 and 
1985 when I surveyed the island, the hydrology was so 
disturbed by the town supplies and outlets that it was 
extremely difficult to ascertain whether or not this source 
had a natural origin. A freshwater source on the southern 
shore, suggested by local residents to be a natural soak, 
is now buried beneath a disused tailings dump. 
SEA LEVEL CHANGES AND 
CHANGING SHORELINES 
On the basis of the revisions of Late Quaternary sea 
levels discussed in the last chapter (Chappell 1994), the 
shoreline would have been less than 20 km from the 
northern edge of the present landmass of Koolan Island 
approximately 30,000 bp and would have remained in 
the vicinity until about 27 ,OOO bp or slightly later, the 
sea level being 80-70 m lower than at present. At the 
height of the glacial maximum, sea level being at -130 m, 
it would have been over 220 km from the present 
coastline. From 18,000 bp on the sea level rose rapidly 
and, at -60 m, would again have been in close proximity 
to the Koolan shelter by 11,000 bp and possibly earlier. 
The landbridge joining Koolan to the mainland would 
only have been totally severed between about 9000 and 
8000 years ago. 
Figure 4.1 shows how the coastline would have looked 
at the -60 m, -50 m, -30 m and -20 m contours. 
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Figure 4.2 The entrances of Kocian Shelter 1 ( left) and Shelter 2 (right), looking south from the adjacent tidal embayment. Note the dark 
high tide mark at the base of the quartz sandstone cliff. 
ARCHAEOLOGICAL SURVEY 
A three week field reconnaissance in June 1984 located 
five sites with excavation potential, of which one was 
near the Koolan Island town site and appeared likely to 
have been disturbed, whi le two were thought to contain 
only shallow deposit. The two sites selected for 
excavation in 1985 had large, well protected living floors 
(O' Connor 1984). Additional ly, their inaccessibility 
except by boat meant they were less likely to have been 
disturbed. 
Both sites lie at the west end of the island above a 
smal l  protected bay with a rocky shoreline (Fig. 4.2). 
At the mouth of the bay is a limited area of coral reef 
which at low tide allows access to Tarrant Island (Fig. 
4.3), a tiny barren island off the western tip of Koolan, 
where my Worrorra informant, Sam Umbaggi , indicated 
that there was freshwater avai lable, though no sources 
were located by the author. Large boulders within the 
bay provide a suitable habitat for intertidal shellfish, 
while crustacea are available on the reef. Behind the 
beach the land rises steeply and level areas suitable for 
camping are nonexistent. At low spring tides the reef is 
exposed and the bay is completely drained. 
Test pits were begun at the two sites, which were 
cal led Koolan Shelters 1 and 2. Excavation in Shelter 1 
was discontinued when bedrock was reached at a depth 
of approximately 1 5  cm below the surface and subsequent 
efforts concentrated on Shelter 2. The material from 
Shelter 1 i now lodged in the Western Australian Museum. 
It appears to duplicate the upper part of the sequence at 
Shelter 2. 
Koolan Shelter 2 has a north west aspect (320°) and 
looks out over the bay (Figs 4 .3, 4.4 and 4.5). At max­
imum the shelter is 18 m wide, 12 m deep and 6 m high 
(Fig. 4.6). There is a small opening in the south west 
wall of the shelter and it is probable that the deposit is 
saturated in the wet season by water entering through 
this fissure. Despite this, there was no surface evidence 
to suggest disturbance or channelling of the sediments 
and it is assumed that the velocity of any water entering 
the site is low. A narrow entrance opens into a large 
chamber and living floor inside. The dripline i apprec­
iably beyond the living floor, which is well protected 
from direct sun and rain. The deposit ha accumulated 
behind large boulders/roof fall on the dripline. 
The surface deposit, reddish-brown in colour, was 
extremely fine-textured, with shell sparsely scattered over 
it. A few stone artefacts were also visible on the surface 
(O'Connor 1984). The surface of the deposit was uneven 
and showed recent disturbance by goats. Goat seats were 
recovered down to Spit 2, confirming that the upper 
10 cm of deposit was disturbed. The talus sloped gradually 
for about 4 m outside the dripline and shell  was thinly 
distributed over this area. 
THE EXCAVATION 
Procedures 
Where no distinct stratigraphic divisions were evident, 
excavation proceeded in 5 cm arbitrary spits dug parallel 
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Figure 4.3 View north west from the entrance of Koolan Shelter 2 towards Tarrant Island and the Indian Ocean . 
Figure 4.4 The entrance of Koolan Shelter 2 from the outside looking south. 
to the surface. Where changes in colour or texture of 
sediment were identified or where lenses or features were 
apparent, these were excavated following the stratigraphy. 
In such cases spit depths varied between 3 and 10 cm. 
The excavated deposit was weighed using a spring balance 
accurate to the nearest 0.25 kg and then passed through 
nested sieves (6  mm and 3 mm). The separate sieve 
fractions were also weighed so that comparisons between 
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Figure 4.5 The entrance of Kocian Shelter 2 from the inside looking north west and showing the excavation. 
spits could be made with ease in the field. Rocks larger 
than 1 0  cm (in any plane) were also weighed separately. 
This enabled an estimate of changes in quantity of roof 
fall and the real volume of free sediment to be made as 
the excavation proceeded. 
Much of the cultural material remained unsorted in 
the field and was simply sieved to remove loose sediment 
and bagged for later laboratory sorting. None of the 
material from the 3 mm residue was sorted in the field 
but was sieved to remove the sand fraction and bagged 
for later laboratory sorting. This eliminated the problem 
of information loss associated with sorting in less than 
ideal conditions. Bulk sediment samples weighing between 
5 and 8 kg were taken at regular intervals throughout the 
profile. In most cases this was in every spit, but in a few 
cases, where there was no apparent variation in the sedi­
mentary composition, they were taken every second or third 
spit. pH was recorded wherever a visible change occ­
urred in the stratigraphy or, if the differences were minimal, 
at every 20 cm interval . Sediment colour was assessed 
at the completion of excavation using a Munsell Colour 
Chart and these colours recorded on the field section 
drawings. Later, in the laboratory, Munsell colours were 
recorded from the air-dried bulk sediment samples and 
it is these colours that are shown on the section drawings. 
All sections were drawn and photographed at the completion 
of excavation and the sites were then backfil led. 
A 2 x l  m test pit oriented east-west, Squares A and 
B of Figure 4.6, was positioned well behind the dripl ine 
to maximise the possibi lity of recovering organic remains, 
since deposits subject to regular wetting and drying often 
show a marked decay profi le with poorest preservation 
towards the dripline. Squares A and B indicated that the 
deposit at the shelter entrance had greater depth than 
that towards the back wall .  The test pit was therefore 
expanded to sample a larger area near the front of the 
shelter and ultimately 5 m2 were excavated, Squares A, 
B,  C, D and AA (Fig. 4 .6) .  As can be seen in Profiles 
A 1 -A and B 1-B (Fig. 4.6), the shelter floor slopes gently 
from the back to the front of the shelter and from east to 
west. The gradual fall in elevation from east to west is 
consistent with slope wash from water entering through 
the fissure. As a result, the arbitrary spits of the excavation 
sloped down in conformity from back to front and from 
east to west. 
Stratigraphy 
Visually the Koolan sediments were extremely fine­
textured. This was confirmed by the particle size analysis, 
which indicated that a substantial proportion of each 
sample passed through to the fine residue pan (phi >4.5 ;  
refer to ' Sediment Analysis ' section) .  This high silt 
component is unlikely to have derived from the parent 
rock or from aeolian sources, given the maritime aspect 
of the shelter entrance. Silts are l ikely to have been water­
bome and introduced through the fissure mentioned 
above. The fine powdery nature of the sediments tended 
to obscure features during excavation and even shell ,  
charcoal and artefacts were often not detectable in situ, 
only after s ieving. 
There were few visibly distinct divisions within the 
deposit (Fig. 4.7) :  
1 .  The top part was reddish-brown (Munsell 5YR 4/3) 
and extremely loose, no doubt as a result of the 
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Figure 4.6 Kocian Shelter 2: plan and sections of the site, showing the location of the excavation. 
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KOOLAN SHELTER 2 
West Section 
c 
26,500±1050 [ . .  : . . . . . .  . .. · . · · 
.. . _ .  .. _: : . · · . 1 0  . . . · . . ·· -. : :-: : :· ·. . 1 1  1 2  
D 
Spit 
".@'· . " =1 J 630±45 
" : - . · . .  _2 
. _3 
4 
. . . .
.. =5 J 3710±90 
6 
" '..:: : · - :'. : ·  J.3 � .. ���� 
w�
·
· <wlJ: 
. 13 
centimetres 
Loose fine reddish-brown sediment (5YR 4/3) 
Fine brown sed iment (7.5YR 4/2) 
Fine reddish-brown sediment with white powdery 
nodu les of CaC03 (7.5YR 4/2) 
Reddish-brown sediment (5YR 4/4) 
JA 
1 5  
4 1 6  
1 7  
unexcavated 
@ Shell  
8 Compact reddish-brown sediment (5YR 3/4) 
� Bedrock I boulders 
Figure 4. 7 Koolan Shelter 2: Stratigraphic sections, west wall of the excavation. 
disturbance by goats that has been mentioned. It is 
numbered 1 on Figure 4.7 . 
2.  Below 10 cm the deposit became more consolidated 
and browner in colour (Munsell 7 .5YR 4/2), though 
pH remained unchanged. In Square C the sediment 
contained some powdery nodules of calcium carbonate 
(CaC03) .  They are numbered 2a on Figure 4.7 and 
the main deposit which contains them is 2 .  
3 .  At  an average depth of  47  cm in Square C and 55 cm 
in Square D sediment became more consolidated and 
a richer red-brown (Munsell 5YR 4/4 ), numbered 3 
on Figure 4. 7. At this level large amounts of rock were 
encountered and excavation became more difficult. 
4. In Square D this consolidated sediment graded to a 
darker red-brown sediment (Munsell 5YR 3/4) at a 
depth of 70 cm. This is the change to 4 of Figure 4.7. 
Excavation continued between boulders but was 
discontinued at a depth of 93 cm without reaching 
bedrock as the remaining area of sediment was too 
smal l .  
The division between 2 and 3 of the sediments described 
above, at the base of Spit 8 in Square C and of Spit 1 1  in 
Square D, is considered to mark a major hiatus in both 
the depositional and occupational history of the site. 
Roughly speaking, and more clearly in the case of 
Square C than Square D, Spit 8 of the former and Spit 
1 1  of the latter are the lowest levels containing shell 
remains, forming the base of what will henceforth be 
called the Shell Horizon. 
In Square C (refer to ' Molluscs'  section) the shell 
below the Shel l  Horizon is  not only sparse, but consists 
of only two spec ies,  pearl shel l  (Pinctada sp . )  and 
mangrove c lam (Geloina coaxans). Dates for the levels 
in which they occur, around 24,000 bp for Spit 9 and 
26,500 bp for Spit 1 2, show that the shell  is not intrusive 
from the Shell  Horizon, where what is interpreted as the 
next to basal spit of the Shel l  Horizon in Square D, Spit 
1 0, is dated to around 1 0,500 bp (Fig. 4.7 and see 'Dating ' 
section). At 24,000-26,500 bp the Koolan Shelter would 
have been some distance from the coast, so that the shells 
in question are not l ikely to have been brought in as 
dietary items, but rather for use as tools or as value items. 
In these respects, we shall see that Geloina shell was 
commonly used for scraping, while ethnographically 
pearl she l l  has been long and widely valued among 
coastal communities in  the Kimberley and elsewhere 
(Akerman 1 980). 
In Square D (refer to ' Molluscs ' section) the shell 
content of Spits 12 and 1 3, below what is  interpreted as 
the base of the Shell Horizon is more l ike that of the 
Shell  Horizon itself, consisting of small quantities of 
dietary shel lfish from marine intertidal habitats. On this 
basis  Spits 1 2  and 1 3  might be included in the Shell 
Horizon. However, the decision was made not to do so 
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because of the dating of the stratigraphic change from 3 
to 2. In Square D this change occurs at the top of Spit 1 2  
and the bottom of Spit 1 1 . The corresponding change in 
Square C takes place at the top of Spit 9 and the bottom 
of Spit 8 and there is a date for Spit 9 of ea. 24,000 bp. 
In Square D the date for Spit 1 0, towards the base of the 
Shell Horizon , is around 1 0,500 bp. It is possible that 
the shell  in Spits 1 2  and 1 3  of Square D results from 
movement from the Shell Horizon or intermixing due to 
reoccupation of the site at the end of the Pleistocene. 
Without direct dating of the shell in the square, it is not 
possible to resolve this question. 
Below the Shell Horizon in Squares C and D, and in  
corresponding levels of the deposit in other excavated 
squares, there were stone artefacts and bone, belonging 
to what will be called the Pleistocene Horizon . 
Preservation of organic materials 
In the Shel l  Horizon pH was 8 .5  and dropped in the more 
compacted sediments below to 8 .0.  The high values are 
not surprising in view of the quantity of free CaC03 
throughout the deposit (Fig. 4.8) .  This was particularly 
the case in the spits below 1 5  cm and some of the bone 
recovered was cemented in a matrix of CaC03• There was 
no discernible trend in the CaC03 concentrations.  
o/o o f  bulk sample b y  weight 
50 60 70 80 90 100 
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Figure 4.8 Koolan Shelter 2: percentage composition by weight of 
bulk samples, by square and spit. 
The pH values show that conditions were favourable 
for the preservation of organic materials l ike she ll and 
bone. However, there was l ittle charcoal in the upper 
levels of the site and even less in most spits below the 
Shell Horizon (Table 4. 1 ). This seems anomalous in the 
light of the fact that a great deal of the bone and even 
some of the shell showed evidence of burning. The reasons 
are not entirely c lear, but some alternatives are explored 
below. 
Bone is made up of about two-thirds mineral matter and 
approximately one-third organic tissues, predominantly 
Spit Square 
A B c D AA 
1 53. 1 9  32.98 40.76 1 8.78* 7.77 
2 9.30 1 0.88 26. 1 0  8.03 33.32 
3 2.77 1 .08 4.65 2.71 1 .32 
4 4.89 6.06 0.62 
5 8.67 
6 1 .34 1 .2 1  
7 0.36 2.00 0.30 
8 6.21 8.47 
9 34.46 4.70* 
1 0  9.58 0.91 
1 1  1 4.62 0.89 
1 2  0 .36 0.86* 
1 3  
1 4  
1 5  
1 6  
1 7  
Table 4.1 Koolan Shelter 2: charcoal weights (g) by square and 
spit. * indicates that the sample has been dated. 
protein with some fats (Butzer 1 972:255) .  Hence the decay 
of bone can involve the removal of the mineral component, 
the organic tissue or both. Hughes and Sull ivan (pers . 
comm.) have suggested that what we are seeing at the 
Koolan site is most l ikely to be the result of the different­
ial decay of organic remains within the deposit. The 
decay of bone and shell is predominantly a chemical 
process  which proceeds most rap id ly  under ac id  
conditions with free flow of  water through the deposit. 
The amount of shell at the top of the site explains why 
the site is alkaline and 'buffered' against acid attack. As 
a result of a study of several shelter sites in New South 
Wales, Hughes writes: 
On the one hand, deposits which are alkaline are 
favourable for the pre servation of the mineral  
component of bone, but if such deposits are moist 
and aerated the organic tissues wi l l  be oxidised by 
biochemical attack ( 1 977 : 2 1 3) .  
The dating of a sample of bone from the Koolan 
shelter lends weight to this interpretation . Although the 
physical appearance of the bone suggested there would 
be sufficient organic material remaining for conventional 
dating procedures, this proved not to be the case . The 
mineral component was preserved, but most of the organic 
component had been replaced, rendering the resulting 
age estimate unreliable, as discussed in the section on 
dating below. 
Oxidation through biochemical attack is most intense 
in damp, warm, well-aerated deposits (Hughes 1 977:2 1 5) 
and the Koolan site would have met all these conditions 
for a significant part of each year. While this explains 
the loss of the organic component of the bone, it does 
not necessarily explain the small quantity of charcoal in 
the lower layers. However, it is a common misconception 
that charcoal consists almost entire! y of carbon and is 
therefore inert and not subject to decay. In his New South 
Wales study Hughes found that : 
[ c ]barred wood and charcoal in the deposits studied 
are general ly not very highly carbonised and, l ike 
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humus, are subject to further biochemical decay 
by oxidation. Finely divided material is particularly 
vulnerable in this way and is generally absent from 
the lower layers of the deposits ( 1 977 :2 1 6). 
A similar pattern has been detected at Colless Creek, 
a limestone shelter in north Queensland that is subject to 
wet season flooding. While bone occurred in the lowest 
levels (below 1 8 ,000 bp), there were only the minutest 
traces of charcoal , which were insufficient for dating 
(Hiscock 1 988a). 
Independent support for this interpretation comes 
from research on the sediments from Koolan Shelter 2 
and the Widgingarri shelters. This involved the analysis 
of the shelter sediments using chemical extraction 
techniques to detect alterations in the structure of 
minerals within the sediments that occur due to firing. 
The results indicated that despite the near absence of 
charcoal , the sediments in the lower levels had been 
subjected to levels of firing intensity sufficient to alter 
the clay mineralogy (Singh et al . 1 99 1 ) . 
DATING 
Dates 
The rad iocarbon dates from Koolan Shelter 2 are 
presented in Table 4.2. Ages are reported as uncalibrated 
Conventional Years bp. Marine dates are uncorrected for 
oceanic reservoir effect. While the recommended correction 
factor for Au tralia is -450±35 (Gil lespie and Polach 
1 979), there is some uncertainty about the appropriate 
correction factor in north western Australia ( cf. Bowman 
1 985; Woodroffe and Mulrennan 1 993; Woodroffe et al . 
1 988) .  A full list of all radiocarbon ages with delta C 1 3 
is presented in Appendix 1 .  
The selection of samples for dating was subject to 
factors of preservation, as discussed in the last section. 
All the dates for the Shell Horizon are from Square 
D: 630±45 bp (charcoal) from the surface of the deposit, 
37 10±90 bp (marine shell) from Spit 5,  the midpoint of the 
horizon, and 1 0,550± 1 50 bp (marine shell) from Spit 1 0, 
close to its base. 
The date of 23,900± 1 360 bp (charcoal) is from Spit 9 
of Square C, immediately below the Shell Horizon. As 
argued on the distributional evidence of shel lfish in the 
section on stratigraphy above, Spit 8 of Square C correlates 
with Spit 1 1  of Square D as the bottom spit of the Shell 
Laboratory no. Square 
Wk 1287 D 
Wk 1 372 D 
Wk 1 098 c 
Wk 1 099 D 
Wk 1 365 c 
Wk 1 366 c 
Wk 1 367 c 
ANU 5763 D 
Table 4.2 Kocian Shelter 2: radiocarbon dates. 
Spit 
1 
5 
9 
1 0  
1 2  
1 2  
1 2  
1 5  
Horizon, so that only one spit separates the dates of 
1 0,550± 1 50 bp and 23,900± 1 360 bp (Fig. 4.7) .  
Marine shell from Spit 1 2  of Square C, 15 cm below 
the charcoal date of 23,900± 1 360 bp from Spit 9 of the 
same square, gave a date of 26,500± 1 050 bp. Two other 
samples from the same square and spit were submitted 
for dating. These were a bulk soil sample and a small 
charcoal sample, both of which returned dates ea. 1 0,000 
years younger than the marine shell  from the same spit. 
Another sample from deep in the site was also dated. 
This was a bone sample from Spit 1 5  of Square D, already 
mentioned in the section on the preservation of organic 
material at the site. It also gave a date some 1 0,000 years 
younger than the marine shell  of the last paragraph. 
The shell date is preferred to all three younger dates, 
which are on samples thought to have been contaminated 
by younger carbon. 
J. Head (pers . comm.),  of The Australian National 
Uni versity Radiocarbon Laboratory, advised that in 
alkal ine environments there is more likely to be exchange 
between modem carbon and organic carbon than carbonate. 
For this  reason the shell date has been accepted as more 
l ikely to approximate the true date of Spit 1 2, Square C. 
The bone sample was small and contained much less 
organic material than had been anticipated, increasing 
the unreliability of the date (J. Head pers. comm.) .  Further­
more, bone has a tendency to take up modem carbon 
and it is extremely difficult to remove contaminants when 
there is very little organic material present. Conventional 
methods of bone dating are unreliable as chemical pre­
treatment methods neither remove contaminants nor 
isolate pure chemical phases from the bone (Hedges 1 989; 
Stafford n.d.) .  
The date of 26,500 bp on the marine shellfish Geloina 
coax.ans is also thought to be a minimum age. The specimen 
was not X-rayed as this spec ies is a calcite rather than an 
aragonite secretor and therefore X-raying would not 
indicate if any replacement had taken place. However, 
as the parent material of the shelter is quartz sandstone 
and there are no sources of l imestone in the vicinity, the 
only possible sources of contamination are carbonate 
from shellfish in the horizon above or CaC03 from atmos­
pheric C02• Both of these sources would make the date 
younger, not older, than the true age. 
Interpretation 
The upper horizon at Koolan Shelter 2 is characterised 
by the appearance and sparse but continuous presence 
Depth below Sample Conventional age 
surface (cm) material (years bp) 
0-5 charcoal 630±45 
22-27 marine shell 371 0±90 
47-52 charcoal 23,900±1 360 
48-53 marine shell 1 0,550±1 50 
64-69 marine shell 26,500±1 050 
64-69 charcoal 1 4,400±690 
64-69 bulk soil 1 5,850±90 
72-78 bone 1 5,220±560 
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of marine shell of food species. Radiocarbon dating shows 
it to have begun forming shortly before 1 0,500 bp, a date 
so close to that of 1 1 ,000 bp, or somewhat earlier, for the 
arrival of the rising sea in the vicinity of the site (see 
earlier section on sea level changes) that it is hard to 
think that the two events are not connected. 
The lower horizon at the shelter is  not totally devoid 
of marine she l l ,  a sample of which gave a date of 
26,500± 1 050 bp (Wk 1 365) .  This shell ,  however, is  of 
species, Geloina coaxans, mangrove clam, and Pinctada 
sp . ,  pearl shel l ,  that could have been brought into the 
shelter for other than dietary purposes. At this  time the 
sea would have been less than 20 km away from the 
northern edge of the present island but probably still too 
distant for people visiting the site from the coast to bring 
shellfish inland for food. 
The hiatus in the occupation of the shelter revealed 
by the radiocarbon dates, between about 24,000 bp and 
shortly before about 1 0,500 bp, corresponds to the period 
of lower sea level on either side of the glacial maximum 
of 1 8 ,000 bp, when the sea, standing at the - 1 20 m contour, 
would have been some 220 km from the present coast. 
SEDIMENT ANALYSIS 
Analysis of the Koolan sediments was undertaken with 
several specific objectives in mind: 
1 .  The dates indicated that there was a hiatus between 
ea. 24,000 bp and the beginning of the formation of 
the Shell Horizon at ea. 1 0,000 bp, approximately 
corresponding with the duration of the last glacial 
maximum. Did the hiatus between the Pleistocene 
and Holocene occupations represent a period during 
which the site was abandoned or had the sediments 
laid down then been removed by an external source, 
in which case a disjunction should be evident? It was 
thought that any disjunction between the Shell and 
Pleistocene Horizons resulting from the removal of 
sediments would be evident as a lag deposit which 
should be detected in the bulk sample and particle 
s ize analyses. 
2. Did the Plei stocene sediments have the same source 
as the Holocene sediments of the Shell Horizon? 
Thi s  was important to know for purposes of a 
depth/age curve and was established by particle size 
analysis. 
Samples analysed came from Square C, with the 
exception of Spits 1 ,  3 and 5, where samples from Square 
AA in the first case and Square B in the other two cases 
were used (Figs 4.8 and 4.9). 
The results of the bulk sample analysis indicate that 
CaC03 levels are h igh throughout the s ite , peaking 
around Spit 5 and decreasing towards the bottom of the 
site .  The soluble salt content of all samples is also high 
but decreases significantly below Spit 8 .  The organic 
content is fairly consistent throughout the Shell Horizon 
and down to Spit 1 1  in the Pleistocene Horizon, averaging 
around 7% by weight of the sol id sample, and only drops 
to less than 5% in the bottom two spits. Likewise the 
proport ions of roof fal l  to sediment remain fair ly 
constant, with rocks making up less than 1 0% of the total 
volume, until Spit 1 2  when they make up around 30% 
(Fig. 4.8) .  No lag deposit appears to be represented as 
any increase in roof fall or larger particles corresponding 
with the hiatus would have to be ev ident at, or near, the 
j unction of Spits 8 and 9. 
Now we tum to the particle s ize analysis. Subsamples 
weighing approximate! y 1 00 g were taken from the bulk 
sediment samples and treated. The histograms in Figure 
4.9 show the distribution of the samples into phi units. 1 
The sand fraction of the samples was sieved at 0.5 phi 
intervals .  The histograms i l lustrate the dry weight % of 
each sample for size ranges from <2 mm to >63 mm (- 1 .0 
to +4.0 ph i) .  The clay-silt fraction was not differentiated 
and is given as a dry weight for >4.0 phi . The cumulative 
percentages were plotted against size and the descriptive 
statistics thus derived are presented in Table 4.3 .  
Spit 
1 4 6 8 1 0  1 3  
Mean 2.046 2.990 2.562 2.469 2 .958 2.666 
SD 1 .881 1 .352 1 .597 1 .758 1 .605 0.895 
Skewness -0.240 -0. 1 92 -0.235 -0. 1 56 -0. 1 87 -0. 1 49 
Kurtosis 0.828 1 . 1 1 6  1 .350 1 .069 1 . 1 88 1 .076 
Table 4.3 Koolan Shelter 2: particle size analysis of sediments from 
selected spits. Descriptive statistics after Folk and Ward 
in Shackley 1 975. 
A glance at the descriptive statistics is sufficient to 
demonstrate that the sediments are very similar in every 
spit. In fact only Spit 1 deviates at al l and thi s  variation 
is not significant. No difference is evident in the particle 
size distribution of Spits 8 and 9, indicating that there 
was no change in the source of the sediments or deposition 
process. This fact, coupled with the lack of any culturally 
steri le layer, has been interpreted as indicating that the 
hiatus is chronological, a period when there was l ittle 
net accumulation of sediment while the shelter was 
unoccupied. Hughes and Lampert ( 1 982) show a clear 
correlation between the rate of sed imentation and the 
intensity of human occupation in a series of sandstone 
caves in eastern Australia. Human occupation accelerates 
weathering of the roof and walls of shelters and coarse 
to medium sand is introduced attached to plant material, 
shel lfi sh from the beach and the people themselves 
(Morse 1 993 : 1 32) .  In the absence of human occupation 
coarse sand partic les are l ikely to accumulate more 
slowly, if at all ,  and a change in the grain s ize distribution 
should be apparent even al lowing for some intermixing 
fol lowing reoccupation. At Koolan, as at many other 
Australian shelter sites, rates of sedimentation appear to 
be intrinsically l inked to human occupation intensity . 
The Kolmogorov-Smimov Two Sample test was used 
to compare the cumulative percentage weight data for 
The l ithological fraction of sediments can be characterised by 
individual particle size. The phi scale (0) was developed by 
Krumbein ( 1 934, 1 936) as a convenient method of expressing 
mean particle size. The transformation equation defines phi 
(0) as : - (0=-log 2d where d=particle diameter in mm). 
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Figure 4.9 Kocian Shelter 2: particle size distributions by square and spit. 
each phi class from each spit against that of each other 
spit. The test compares the total distribution of two sets 
of cumulative frequencies and determines the maximum 
difference between each set (Thomas 1 976:82-5). The null 
hypothesis states that the cumulative percentages of the 
two sets will be the same. Probability values lower than 
the 0.05 level would reject the null hypothesis. The results, 
presented in Appendix 2, indicate that the null hypothesis 
should be accepted.  On thi s  basis  I argue that the 
sediments in all units of the site have the same source. 
DEPTH/AGE CURVE 
On the basis of the dates, a depth/age curve was con­
structed (after Hughes and Djohadze 1 980) .  Taking into 
account the consistency in the sediments, the average 
rates for the accumulation of deposit per 1 OOO year period 
in each level were calculated (Fig. 4. 1 0) .  The curve is  
constructed using dates from adjoining excavation 
squares. The date of 1 0,550 bp is taken as the basal date 
for the Shell Horizon, although it should be noted that 
there is in fact one spit below this date included in the 
analysis of cultural assemblages from the Shell Horizon, 
Spit 1 1  of Square D (Fig. 4.7) .  
The depth/age curve indicates that deposition was 
much more rapid in the last 3000 years of site occupation 
than during the early and mid-Holocene. Interpretation 
of the rate of deposition in the Pleistocene Horizon is 
complicated by the large standard dev iations on the two 
Pleistocene dates and the fact that the base of the horizon 
cannot be dated. At two standard deviations the dates of 
23,900± 1 360 bp and 26,500± 1 050 bp have a range of 
2 1 , 1 80-26,620 bp and 24,400-28,600 bp respectively. 
Given the degree of overlap, they could represent the 
same date or alternatively a range between 2 1 , 1 80 and 
28,600 years . In the former case, deposition would have 
been at a higher rate than during most of the last 3000 
years; in the latter, deposition would have been much 
s lower. I had no alternative but to plot the depth/age 
curve using the midpoint of the dates. For this reason 
the depth/age curve for the Pleistocene Horizon must be 
treated c ircumspect! y .  
DIVISION OF THE DEPOSIT 
FOR ANALYSIS 
There is an obvious division of the deposit into an upper 
horizon, the Shell Horizon, beginning somewhat earlier 
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Figure 4.1 0 Kocian Shelter 2: depth/age curve. 
than 1 0,550± 1 50 bp, and a lower horizon of Pleistocene 
date, the Pleistocene Horizon, the two separated, on the 
evidence of the radiocarbon dates ,  by a lengthy period 
of abandonment. 
For analytical purposes the Shell Horizon was divided 
into an Upper and a Lower Shell Unit. The division was 
made at approximately the midpoint of the Shell Horizon, 
dated 37 1 0±90 bp in Spit 5 of Square D.  
In Square D the Upper Shell Unit comprises Spits 1-5 ,  
the Lower Shell Unit Spits 6-1 1 .  
In Square C the Upper Shell Unit comprises Spits 1-4, 
the Lower Shell Unit Spits 5-8 . 
The Pleistocene Horizon, ending ea. 26,500 bp, is made 
up of Spits 1 2- 1 7  in Square D and Spits 9- 1 5  in Square C .  
The stone artefacts have been combined for analysis 
by unit. All other cultural materials are described by 
spit . The stone artefacts from Squares C and D were 
analysed. These comprised a total of 634 items recovered 
from the 6 mm sieves. 
STONE ARTEFACTS: RAW MATERIALS 
Quartz and quartzite account for v irtually al l the stone 
present (Table 4.4) . The remainder, lumped together as 
'Other' ,  comprises s ilicified sandstone and chert. 
There is a marked decrease over time in the represen­
tation of quartzite at the site, with the Pleistocene Horizon 
registering a greater use of it than of all other materials 
together (Table 4.4) . The increase in the proportion of quartz 
to quartzite is statistically significant between all levels, 
with the difference between the Pleistocene Horizon and 
the Lower Shell Unit (chi-square 28.479, p=0.000 1 )  being 
greater than that between the Lower and Upper Shell 
Units (chi-square 1 3 .829, p=0.00 1 ) . 
Not only is quartz the dominant material overall (Table 
4.4 ), it is also very variable in type, so that for analytical 
purposes it is divided into two kinds, vein quartz and crystal 
quartz. The reason for this warrants some discussion. 
Quartz as raw material 
A great deal  has bee n written in  the past on the 
unpredictabil ity and intractabi l ity of quartz as a raw 
material . From the viewpoint of the knapper it is difficult 
to work, from that of the archaeologist it is difficult to 
analyse. Over recent years, however, the recognition of 
its ubiquity in Australian assemblages has led to an increas­
ing awareness of the need to come to terms with its analysis 
(e .g. Dickson 1 977; Hiscock 1 982a, 1 983) .  
There is now a considerable body of literature detail­
ing the fracturing mechanics of quartz. Dickson ( 1 977),  
Hiscock ( 1 982a, 1 983)  and Flenniken ( 1 98 1 )  are all  
agreed that the quality of quartz is the sum total of the 
Vein quartz Crystal quartz Quartzite Other 
no. % no. % no. % no. % 
Upper Shel l Unit 1 70 66.41 43 1 6.80 39 1 5.23 4 1 .56 
Lower Shel l Unit 1 2 1 49.59 54 22. 1 3  61 25.00 8 3.28 
Pleistocene Horizon 35 26. 1 2  27 20. 1 5  67 50.00 5 3.73 
Table 4.4 Kocian Shelter 2: numbers and percentages of artefacts of different raw materials in Squares C and D by stratig raphic unit. 
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homogeneity of the piece being worked, the crystal size, 
the strength of the bonds between the crystals and the 
number and type of fracture planes in the piece. Not 
only do the fracturing properties of quartz depend on 
these physical and compositional qualities, so also does 
its colour. Milky and white quartz owe their colour to 
liquids or gasses trapped in a multitude of microscopic 
spaces which fog the clarity of the quartz (Kamminga 
1 982:24). Clear crystal quartz (rock crystal) can occur in 
most quartz vein types (Dowling and Morrison 1 988 :  
Table 1 ) . 
Unless there are crystal boundaries within it, pure 
rock crystal fractures conchoidally .  Conversely, vein 
quartz, when flaked, will rarely fracture conchoidally  as 
the transmission of the force is obstructed by the 
numerous crystal boundaries or the fracture planes. This 
is why the quartz from the excavation was div ided into 
two categories, vein and crystal quartz, for analysis, as 
it was thought that their different flaking properties could 
have resulted in different reduction strategies, namely 
bipolar reduction for the vein quartz and direct percussion 
for the crystal . 
Sources of quartz and quartzite 
Both kinds of quartz are l ikely to be locally available. 
Though no sources were located on the island, hand 
specimens of the quartz sandstone of the area showed 
small intrusions of vein quartz and crystal growth, 
indicating that larger crystals suitable for artefact manu­
facture could occur in the vein quartz seams. Residents 
of the island reported a cave on the south coast, now buried 
beneath overburden from the mine,  to have large quartz 
crystal growths. 
No sources of quartzite were located during the survey 
of the island. 
STONE ARTEFACTS : ANALYSIS 
All 634 artefacts were examined under a binocular micro­
scope, because features such as crushing proved extremely 
difficult to detect with the naked eye , as did points of 
percussion on quartz cores.  
Assemblage composition 
The assemblage was divided into retouched or utilised 
artefacts and debitage and cores. The division of debitage 
for analysis largely follows Sullivan and Rozen ( 1 985) ,  
with the addition of bipolar flakes .  Material was put 
into the classes seen in Table 4.5 (see Appendix 3 for 
artefact definitions) . Cores were further divided into 
bipolar, rotated bipolar ,  m ult ip latform and s ingle 
platform, as  i t  was thought that this might be informative 
about differential reduction intensity .  Sample sizes were, 
however, so small that for calculation they were regroup­
ed into bipolar cores and cores. ' Bipolar cores' subsumes 
both bipolar and rotated bipolar cores and ' Core s '  
subsumes both multiplatform and single platform cores. 
As discussed above in the section, 'Quartz as raw 
material ' ,  the quartz artefacts were divided into vein and 
crystal quartz as it was thought that their different flaking 
properties might have resulted in different reduction 
strategies - bipolar for one and direct percussion for the 
other. 
As can be seen from Table 4.5, the assemblage shows 
no change in the technology of artefact manufacture 
through time. B ipolar and direct percussion strategies 
of manufacture were used for quartz artefacts. Quartzite 
and artefacts on other raw materials were primari ly  
produced by direct percussion. 
Overall ,  the low number of stone artefacts in all units 
indicates that l ittle manufacturing was occurring in the 
shelter. 
Retouch and utilisation 
Most retouched/utilised pieces are quartz, with crystal 
quartz being the most often modified material . Only 
three retouched/utilised pieces made on quartzite were 
recovered, all from the Shell Horizon. No other raw material 
displays evidence of modification (Table 4.5) .  
The app l ication of u se -wear studies to q u artz 
industries has proved particularly difficult (Sussman 
1 985 : 1 0 1 )  and this, together with the very low proportion 
of formal types in most quartz assemblages, makes the 
function of artefacts difficult to interpret (Bird 1 985 : 1 70). 
The Koolan site is no exception . No formal tools have 
been identified in the Koolan assemblage (Table 4.6). 
Retouched/utilised pieces are few in all levels of the site, 
although, as can be seen in  Table 4.7, there is an increase 
in the proportion of retouched/utilised pieces from the 
Pleistocene Horizon to the two units of the Shell Horizon. 
Changes in debitage 
There is a pronounced increase in the proportion of 
bipolar flakes through time and a decrease in the propor­
tion of whole flakes produced by direct percussion (Table 
4.5) .  This increase may be due to greater reliance on 
bipolar technology in the Shell Horizon levels, as part 
of an overall economising strategy in the use of all raw 
materials .  Alternatively, it may simply result from the 
change in raw material from quartzite to quartz, as 
quartzite shows little evidence for its reduction by bipolar 
percussion in any level .  
In an  attempt to  determine  if there was any evidence 
for more intensive reduction in the Upper Shell Unit, 
the mean weight of cores and flakes was calculated for 
each raw material in all three stratigraphic units (Tables 
4.8 and 4.9). If there had been more intensive reduction, 
the mean weight should reflect a decrease in the size of 
flakes and cores ,  prov ided there was no change in  
technology. 
There is a marked decrease in the weight of quartzite 
flakes through time, which may indicate an increase in 
rationing of this material . This could have happened, 
for example, if the material was only available on the 
mainland and the source became less accessible with the 
rise in sea level. However, the sample size for quartzite 
cores does not allow any valid comparisons to be made. 
There is l ittle change in the mean weight of flakes 
and bipolar flakes of vein and crystal quartz. This is 
what would be expected if this  raw material was locally 
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Vein quartz Crystal quartz Quartzite 
no. % no. % no. % 
Upper Shell Unit 
Flake 1 9  41 .30 1 0  21 .75 1 6  34.78 
Broken flake 1 4  66.67 4 1 9.05 3 1 4.28 
Flake fragment 33 64.70 9 1 7.65 8 1 5.69 
Bipolar flake 31 91 . 1 8  3 8.82 0 0.00 
Broken bipolar flake 4 66.67 2 3.33 0 0.00 
Debris 47 71 .21  9 1 3.64 8 1 2. 1 2  
Total debitage 
Core 1 50.00 0 0.00 1 50.00 
Core fragment 5 62.50 2 25.00 1 1 2 .50 
Bipolar core 9 81 .82 2 1 8. 1 8  0 0.00 
Total cores 
Retouched/utilised 7 63.64 2 1 8. 1 8  2 1 8. 1 8  
Total Upper Shell Unit 1 70 43 39 
Lower Shel l Unit 
Flake 27 37.50 8 1 1 . 1 2  32 44.44 
Broken flake 6 30.00 4 20.00 9 45.00 
Flake fragment 24 51 .06 1 3  27.66 1 0  21 .28 
Bipolar flake 1 5  62.50 8 33.33 1 4. 1 7  
Broken bipolar flake 3 30.00 7 70.00 0 0.00 
Debris 24 70.59 3 8.82 6 1 7.65 
Total debitage 
Core 1 33.33 1 33.33 1 33.33 
Core fragment 5 50.00 4 40.00 0 0.00 
Bipolar core 1 0  71 .43 3 21 .43 1 7. 1 4  
Total cores 
Retouched/utilised 6 60.00 3 30.00 1 1 0.00 
Total Lower Shell Unit 1 2 1 54 6 1  
Pleistocene Horizon 
Flake 8 1 4.55 7 1 2.73 36 65.45 
Broken flake 2 1 0.53 2 1 0.53 1 5  78.94 
Flake fragment 7 30.43 5 2 1 .74 1 1  47.83 
Bipolar flake 3 75.00 1 25.00 0 0.00 
Broken bipolar flake 2 66.66 1 33.34 0 0.00 
Debris 6 50.00 3 25.00 2 1 6.67 
Total debitage 
Core 1 33.33 1 33.33 1 33.34 
Core fragment 1 20.00 2 40.00 2 40.00 
Bipolar core 5 71 .43 2 28.57 0 0.00 
Total cores 
Retouched/utilised 0 0.00 3 1 00.00 0 0.00 
Total Pleistocene Horizon 35 27 67 
Other Total 
no. % no. % 
1 2. 1 7  46 20.53 
0 0.00 21  9.38 
1 1 .96 51 22.77 
0 0.00 34 1 5. 1 8  
0 0.00 6 2.68 
2 3.03 66 29.46 
224 1 00 .00 
0 0.00 2 9.52 
0 0.00 8 38. 1 0  
0 0.00 1 1  52.38 
21 1 00.00 
0 0.00 1 1  1 00.00 
4 256 
5 6.94 72 34.78 
1 5.00 20 9.66 
0 0.00 47 22.71 
0 0.00 24 1 1 .59 
0 0.00 1 0  4.83 
1 2.94 34 1 6.43 
207 1 00.00 
0 0.00 3 1 1 . 1 1  
1 1 0.00 1 0  37.04 
0 0.00 1 4  51 .85 
27 1 00.00 
0 0.00 1 0  1 00.00 
8 244 
4 7.27 55 47.41 
0 0.00 1 9  1 6.38 
0 0.00 23 1 9.83 
0 0.00 4 3.45 
0 0.00 3 2.59 
1 8.33 1 2  1 0.34 
1 1 6 1 00.00 
0 0.00 3 20.00 
0 0.00 5 33.33 
0 0.00 7 46.67 
1 5  1 00.00 
0 0.00 3 1 00.00 
5 1 34 
Table 4.5 Kocian Shelter 2: numerical and percentage composition of the stone assemblage by raw material and stratigraphic unit. Note 
that bipolar cores and broken bipolar have been combined. 
avai lable and easily procurable on the island. There is a 
slight decrease in the mean weight of quartz bipolar cores, 
which possibly indicates more intensive reduction of this 
material in the upper units ,  but the sample s ize i s  
extremely smal l .  This suggested trend i s  not borne out 
by a concomitant decrease in quartz flake size, either 
bipolar or direct percussion. For this reason it is assumed 
that the proportional increase in the number of bipolar 
flakes is related to the increased reliance on quartz as a 
raw material . The decrease in the proportion of direct 
percussion flakes is likewise thought to be linked to the 
decreased accessibil ity of quartzite . 
Discard rates 
As the Koolan site demonstrates no change in the tech­
nology of artefact manufacture through time (Table 4.5) 
and there is  no evidence for increased economising in 
the upper levels (see the last section), the artefact discard 
rates should provide an indication of changing occu­
pation intensity. Only the artefacts that fall between the 
dates of 26,500 and 23 ,900 bp in the Pleistocene Horizon 
(Fig. 4.7) were used for this  comparison. The materials 
below the date of 26,500 bp were excluded as it is not 
known over what period of time they were deposited. The 
number of artefacts i n  each uni t , the number after 
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Utilised Utilised Retouched Utilised Retouched Util ised Total 
core flake flake flake fragment flake fragment broken 
Upper Shel l Un it 0 6 0 3 1 1 1 1  
Lower Shel l Unit 1 2 1 5 1 0 1 0  
Pleistocene Horizon 0 1 0 1 1 0 3 
Table 4.6 Kocian Shelter 2: numbers of different categories of retouched/utilised artefacts in Squares C and D by stratigraphic unit. 
Upper Shell Unit 
Lower Shell Unit 
Pleistocene Horizon 
Unmodified Modified % Modified 
245 
234 
1 31 
1 1  
1 0  
3 
4.49 
4.27 
2 .29 
Table 4.7 Koolan Shelter 2: numbers and percentages of retouched/ 
utilised artefacts in Squares C and D by stratigraphic unit. 
adj ustments for volume and the discard rate per 1 000 
years for each unit are shown in Table 4. 1 0. 
Interestingly, the discard rate for artefacts was higher 
during the period of Pleistocene occupation than when 
the site was reoccupied at the beginning of the Holocene. 
It is only in the late Holocene that discard rate exceeds 
that seen in the Pleistocene Horizon. 
It should also be noted that change in raw material 
may influence the discard signal (Hiscock 1 986), that is ,  
an increase in the use of quartz and, in this case, bipolar 
technology may result in a greater quantity of debitage 
being produced per unit time . 
Stone from the 3 mm sieve fraction 
The material from the 3 mm sieve fraction was analysed 
for Square D. Only 92 pieces were recovered and 85 of 
these were of quartz. Examination of all pieces under a 
binocular microscope showed that none have any evidence 
of secondary retouch, such as would be found on broken 
tips from bifacial or unifacial points or on edge-rejuvenation 
flakes from scrapers. 
Thirty-seven per cent (n=34) have no diagnostic 
attributes and are c lassed as debris .  In general , the shape 
and size of these pieces indicate that they have been 
detached from the core or flake along natural fracture planes 
during reduction. Only 1 6% (n= 1 5) of all pieces have 
bulbs of percussion. These pieces are likely to have resulted 
from core preparation or implement retouch. A further 
1 3% (n= 1 2) are flake fragments. These pieces are unlikely 
to have resulted from implement retouch, but were 
probably broken from larger flakes remaining in the 
6 mm fraction. The small quantity of material in the 3 mm 
fraction and the low numbers of flakes indicate that very 
l ittle artefact manufacture or rejuvenation was taking 
place at the site. 
Conclusions from the artefact analysis 
The sequence shows no significant changes apart from 
an increase in bipolar flakes, made predominantly on 
quartz, from the Pleistocene Horizon to the Upper Shell 
Unit and a shift in the proportions of raw materials, from 
a dominance of quartzite in the Pleistocene Horizon to 
the increasing dominance of quartz through the two 
Holocene units. These are best explained by change in 
the accessibility of raw material sources. Whereas quartz 
was probably locally available on the island, it is l ikely 
that the quartzite source was on the mainland. When 
the island was finally isolated by rising seas, this source 
would have been less accessible, although presumably 
not completely closed off. 
In al l ,  the most remarkable feature of the Koolan 
assemblage is the uniformity it displays, spanning both 
the Pleistocene and Holocene occupation layers. Equally 
notable is  the dearth of formal ' types '  in the assemblage. 
No formal artefacts were recovered from any of the five 
excavation squares. The retouched/utilised material from 
the two analysed squares is predominantly quartz and is 
characterised by flakes, broken flakes and flake frag­
ments that have small areas of the margins modified. 
Although point technology, comprising unifacially and 
bifacially flaked points, first appears in west Kimberley 
sites some time between 4500 and 5000 years ago (see 
Chapter 5) ,  there are neither points nor any indication of 
point technology in the material from the upper part of 
Complete bipolar core Broken bipolar core Core Broken core 
Vein quartz 
Upper Shell Unit 6.69 (N=8) 2 .71  (N=1 ) 7.82 (N=1 ) 
Lower Shell Un it 6.33 (N=5) 1 .64 (N=5) 1 22.63 ( N=1 ) 
Pleistocene Horizon 1 3 .50 (N=3) 2 .90 (N=2) 2 1 .30 (N=1 ) 
Crystal quartz 
Upper Shell Unit 4 .66 (N=2) 0.00 0.00 
Lower Shell Unit 0.00 2 .72 (N=3) 1 1 .82 (N=2) 
Pleistocene Horizon 5.36 (N=1 ) 1 .49 (N=1 ) 7 .82 (N=1 ) 
Quartzite 
Upper Shell Unit 0.00 0 .00 1 1 8.93 (N= 1 ) 
Lower Shell Unit 0.00 2.68 (N=1 ) 1 71 .35 (N= 1 ) 
Pleistocene Horizon 0.00 0.00 21 .79 (N=1 ) 
Table 4.8 Koolan Shelter 2: mean weights (g) of different categories of core by raw material and stratigraphic unit. 
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2 .97 (N=5) 
1 .74 (N=5) 
1 .57 (N=1 ) 
2 .87 (N=2) 
2 . 1 8 (N=3) 
8.97 (N=2) 
7. 1 5  (N= 1 )  
0.00 
1 6 .82 (N=2) 
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Bipolar flake Flake Broken flake Shell  Horizon, which gives them an inferred 
Vein quartz 
Upper Shell Unit 1 .74 (N=31 ) 
Lower Shel l Unit 1 .49 (N=1 5) 
Pleistocene Horizon 1 .22 (N=3) 
Crystal quartz 
Upper Shell Unit 0.43 (N=3) 
Lower Shell Un it 0.81 (N=8) 
Pleistocene Horizon 0.84 (N= 1 )  
Quartzite 
Upper Shell Unit 0.00 
Lower Shell Unit 0.54 (N=1 ) 
Pleistocene Horizon 0.00 
1 .93 (N=1 9) 
2.59 (N=27) 
1 .28 (N=8) 
1 .8 1  (N=1 0) 
1 .59 (N=8) 
2. 1 5  (N=7) 
2.82 (N=1 6) 
4.95 (N=32} 
6.29 (N=36} 
0.77 (N=1 4) 
1 .20 (N=6) 
1 . 1 3  (N=2} 
0.89 (N=4) 
1 .61 (N=4) 
0.68 (N=2) 
1 .05 (N=3) 
4.09 (N=9) 
8.1 1 (N=1 5} 
antiquity of 1 0,000 bp. No intact valves were reco­
vered from Koolan Shelter 2. Even in the upper 
spits the shells were extremely fragmented. It seems 
unl ikely that this damage occurred naturally as 
G. coaxans has a very robust shell. While no attempt 
has been made to quantify the differences, other 
species of shellfish with much thinner shells appear 
generally to be less fragmented in the upper spits 
of the Shel l  H orizon and it is probable that 
breakage of G. coaxans has resulted from use. 
All pieces of Geloina shell were examined using 
a binocular microscope for signs of wear such as 
edge rounding, polishing, striations or deliberate 
Table 4.9 Kocian Shelter 2: mean weights (g) of different categories of flake retouch. The total number of pieces in each spit 
by raw material and stratigraphic unit. was recorded and, where modification was detected, 
Upper Shell Unit 
Lower Shell Unit 
Pleistocene Horizon 
No. of 
artefacts 
256 
244 
1 1 1  
Volume 
adjusted no. of 
artefacts 
305 
3 17  
1 96 
Adjusted no. 
/1 000 years 
99 
46 
75 
the type of damage and its position on the margin 
of the shell was recorded. As some of the fragments 
were small or exceedingly weathered, it was not 
possible to ascertain with certainty whether they 
derived from the posterior, ventral or anterior section 
of the shell .  Fragments ranged in size from less 
than 1 cm2 to partial valves or whole margins mea-
suring up to 5 x 1 cm. 
Table 4.1 0 Kocian Shelter 2: discard rates of artefacts by stratigraphic unit. A total of 426 fragments of Geloina was 
Note that for the Pleistocene Unit only artefacts fal l ing between recovered in the excavation. Of these 4 1  (9.62%) 
the radiocarbon dates have been included. had evidence of edge damage to the margins. 
the Koolan sequence. This is not due to a difference in 
local technological tradition, as points were identified 
by the author at surface sites on the adjoining mainland 
and a s ingle bif acial point in the possession of a local 
resident had been recovered from a shelter on the 
southern side of Koolan Island . 
Di scard rate s were higher during the period of 
Pleistocene occupation than when the site was reoccupied 
at the beginning of the Holocene. It was only in the late 
Holocene that the rate rose to equal, and exceed, that 
seen in the Pleistocene. 
SHELL ARTEFACTS 
A number of shells with evidence of use or retouch on 
their margins were identified among the sorted shell .  
Baler shell (Melo sp.) 
One piece of baler shell with a ground edge was reco­
vered from Square A, Spit 1 .  The ground edge is similar 
to that on the shell adzes described by Akerman ( 1 97 5b) 
from Dampierland. Several specimens, including some 
examples sti l l  in their hafts, are held in the Western 
Australian Museum and the method of manufacture and 
hafting of these implements was known to a few older 
individuals of the Dampierland communities until recent 
years (Akerman 1 975b) . 
Geloina (Polymesoda) coaxans 
All the other artefacts were made on the shells of this 
mangrove-dwelling bivalve. In Square D they were 
found down to and including Spit 9, near the base of the 
Total weight of al l pieces examined was 407 . 1 6  g, 
with modified pieces comprising 80.29 g ( 1 9.72%). The 
distribution of the artefactual pieces is presented in Table 
4. 1 1 . 
Eight of the modified shell fragments were examined 
by R. Fullagar to see if organic residues or use-wear could 
be seen. No residues were detected that appeared likely 
to have resulted from use. Distinct striae resulting from use 
were visible on some of the fragments at 45-90° to the 
edge (Fullagar n.d.a) . Fullagar (n.d.a.) concludes that the: 
traces of use on the shell  tools were similar in terms 
of scarring, edge rounding, striations and pol ish. 
The residues were not readily distinctive and most 
looked a lot l ike root fragments. However, the traces 
of use conform generally to those I have observed 
on ethn ograph i c  Geloina sp .  she l l s  u sed for 
scraping wood and bark. Generally I think that the 
scarring is from use, rather than retouch, although 
there is sl ight evidence for shell  flaking. It seems 
that shel l  tools  are not necessarily  used once and 
discarded. 
Fullagar says that the rounded and polished edges 
on the Geloina artefacts indicate that a sharp edge was 
not required and/or that the artefacts were intensively 
used before being discarded. The microscopic examination 
revealed no evidence of hafting polish or gloss on the 
umbo or posterior section of the valves. 
Comparisons:  ethnographic 
Geloina coaxans appears to have been widely used in 
contact times over the whole north eastern seaboard of 
the continent and the Gulf of Carpentaria coast. Roth 
( 1 904:25 , 47) describes a wood-hafted shell dril l  which 
was used on the Batavia, Penneyfeather and Embley Rivers 
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Spit Square A Square B Square C Square D Square AA 
no. wt. no. wt. no. wt. no. wt. no. wt. 
1 4 4.55 
2 0.98 3 1 1 .67 2 1 .20 
3 2 2.43 4 9.22 7 29.86 
4 4 4.70 2 1 .74 4 4.53 
5 1 0.07 
6 4 3.82 
7 1 0.82 
8 1 .99 
9 2.71 
1 0  
Total 2 1 6  1 0  1 2  
Total no. for all squares = 41 
Table 4.1 1 Kocian Shelter 2: number and weight (g) of Geloina coaxans fragments with evidence for modification, by square and spit. 
of the western coast of Cape York made on a sharply 
pointed chip of Geloina coaxans (called by him Cyrena 
jukesii) . He also reports whole valves of the species 
being used for cutting bark along the north eastern and 
Gulf coasts and on the Wellesley Islands in the Gulf itself, 
as well as for splitting the distal extremity of the spear­
thrower for fixation of the peg, again on the Batavia and 
Penneyfeather Rivers (Roth 1 904 : 22) .  
There is no recorded use in the Kimberley region. As 
we have seen, the method of manufacture of baler shell 
adzes and knives is known to communities in Dampierland 
(Akerman 1 975b), but not of bivalve scrapers (M. Smith 
pers . comm. and the author ' s  own enquiries ) ,  even 
though McBryde made a collection from eroding sites 
at Cape Leveque in Dampierland that contained examples 
of both baler shell implements and Geloina scrapers 
(Church 1 986). 
Comparisons: archaeological 
Arnhem Land 
Schrire ( 1982:63) reports 1 1  shell artefacts, including nine 
of Geloina coaxans, from Levels I and II of the midden 
zone at Paribari, a rockshelter in an outlier of the Arnhem 
Land escarpment with occupation back to a date of 
3000 bp at the base of Level ill ( 1 982:73) .  She believes 
that the confinement of modified shells to the upper 
midden layers is  a function of the preservation conditions 
operating at the site ,  rather than an indication of the 
chronology of their use. Fragments of Geloina shell were 
found lower in the deposit but were too soft and friable 
to enable the identification of use-wear on their margins. 
Schrire ( 1 982:63) describes the wear on the artefacts 
as follows: 
Small  flakes were detached by pressure or flaking 
on the inner surface and the scars were overlain 
with a marked gloss . . . The shells may have been 
used to scrape a rather resistant material l ike wood 
or reed, which detached the flakes, and later they 
may have been used to scrape, smooth or work soft 
and pliable material, from which the g loss resulted. 
Schrire says ( 1 982:74) that her strict definition of a 
shell tool probably much underestimates the extent to 
which they were present. In the l ight of the fact that 
stone tools do not seem to have been made or refurbished 
on the spot at Paribari, she points out that this is consistent 
with the account given of people living in the area in 1 9 1 2  
b y  Spencer, who says that they seldom, i f  ever, made 
stone tools, using shell to cut and scrape. 
At Malangangerr rockshelter on the plains east of 
the Alligator River, Schrire ( 1 982:95) recovered 1 4 1  
fragments of Geloina coaxans with evidence of use-wear 
from her shell column samples. She estimates that this 
represented approximately 35 implements per column 
and suggests ' that shell  was extensively used in the site 
for some 6000 years at least ' .  Use and polish on the 
Malangangerr specimens was the same as that described 
for the Paribari shell artefacts (Schrire 1 982: 1 09).  
Jones and Johnson ( 1 985a:72) report the recovery 
of some valves of Geloina coaxans from an excavation 
at Yiboiog rockshelter on the top of the Mt Brockman 
massif of Amhem Land. These shells had dentated edges, 
indicating their use as cutting and scraping tools. The 
finds were made in a black silt layer dated near its base 
to ea. 1 1 00 bp. 
Princess Charlotte Bay, north Queensland 
Beaton ( 1 985) recovered large numbers of Geloina coaxans 
tools at three rockshelter sites. The sites, Alkaline Hill ,  
Endaen and W alaemini, contained no stone artefacts and 
Beaton suggested that Geloina valves were substituted 
for stone in this  area. Although no firm chronology 
attaches to the d istribution of the shel l  artefacts at 
Walaemin i  rockshelter, which has a basal date of 
4760±90 bp, modified valves were found in all but the 
lowest levels.  Of Alkaline Hill ,  Beaton ( 1 985 :7)  writes :  
Of the 839 Geloina she l l s  and shel l  fragments 
recovered, 26% (2 1 4) had clear evidence of edge 
damage or intentional flaking or retouching. The 
flaking or edge damage occurs on the l ip  (or 
margin) of whole valves or on valve fragments 
which are broken along the concentric growth 
bands, usually at the pallial line. Most (68%) edge 
wear or modification appears as s i mple edge 
damage, although end-modified 'awl '  types and 
notched scraper types also occur. 
Church ( 1 986) analysed some of the valves from the 
Endaen shelter. He found an even higher percentage of 
worked material than Beaton recorded from Alkaline Hill, 
reporting that 43% (n=70) of the whole valves examined 
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had edge damage or modification of the margin, while 
83% (n=82) of the broken ventral margins showed evidence 
of damage. Church ( 1 986: 89) concludes that the: 
higher value for edge damage of the margins would 
seem to indicate that these had been removed as a 
form of modification of the valve for use as an 
implement. 
An experimental study, using only three valves, seemed 
to support this conclusion, as the application of force to 
the margins produced breaks at a tangent to the pallial 
line rather than along it. 
Timor 
Further afield, similar specimens of worked Geloina 
coaxans shell have been reported by Glover ( 1 986:75) 
from excavations at Lie S iri and Bui Ceri Uato. Glover 
( 1 986:75) believes that the regular pattern of small fract­
ures along the edge is compatible with a use of ' scraping 
and cutting ' .  He further notes that some shells appear to 
have slight polish on their edges, although this is not 
always easy to distinguish from the natural lustre of the 
shell .  No use-wear analysis was undertaken of the few 
shell artefacts from Timar, but on the basis of the illustra­
tions they look very similar to those from the Kimberley 
and other areas of northern Australia. 
Andaman Islands 
Cooper ( 1 988) has described Geloina excavated from a 
shell midden at Chauldari with a basal date of 2280±90 bp 
and examined ethnographic literature on the use of 
artefacts made on this species. Column samples through 
the midden produced a total of 8 1 03 bivalves and gastro­
pods, of which 1 77 (2. 1 8  % ) were identified as artefacts. 
Of these 62 (35 .02%) were bivalves with use-wear on 
their margins, 46 bivalves with broken margins (25 .98%) 
and 38  bivalves with perforations. Fifty-nine of these 
bivalves were Geloina shells (Cooper 1 988:30-2). On the 
basis  of the ethnographic literature Cooper believes that 
the primary use of the Geloina valves was as scraping 
and cutting tools for working wood and plant fibres .  She 
also reports that Geloina coaxans was used as a spoon 
for 'extracting the pulp of Pandanus fruit '  ( 1 988 :26-9) .  
Discussion 
Modified shell in the Koolan shelter has a long antiquity, 
supporting the idea that in s ites where it only appears in 
the upper spits this is due to poor preservation. While 
the number of shell artefacts at the site is not high, this 
probably underrepresents the importance of the tools, as 
the weathered or burnt condition of much of the shell 
rendered many specimens unsuitable for analysis .  
The level of analysis of the Koolan shell tools does 
not allow detailed inferences about their function to be 
made. On the basis of Fullagar 's microscopic examination 
and comparison with ethnographic specimens from other 
parts of northern Australia, they would appear to have 
functioned as handheld scrapers that were used for 
working plant fibres and soft woods. Their use as hand­
held scrapers is further supported by the fact that no 
evidence of hafting polish or gloss was detected on the 
umbo or posterior section of the valves (Fullagar n.d.a 
and cf. n.d.b ) .  The large number of breakages possibly 
resulted from their use as woodworking tools. This interpre­
tation receives support from Church 's ( 1 986) limited experi­
mental work, which indicates that natural snapping will 
occur at a tangent to the pallial line rather than along it. 
At Koolan these artefacts possibly performed a 
function not fulfilled by the stone artefacts, none of which 
have dentated ' scraper' edges.  
PLANT MATERIAL 
Seeds were recovered from the top 1 0  cm (Spits 1 and 
2) of Square AA. The species represented are Terminalia 
ferdinandiana, Canarium australianum and Buchanania 
sp. A single example of what is possibly Mimesops sp. 
was located in Spit 2,  but because of its weathered condition 
it defied positive identification. 
Terminalia f erdinandiana is by far the most prevalent 
seed recovered, with over 1 00 complete seeds in Spit 1 
and five in Spit 2. While this spec ies is recorded as an 
important dietary staple in areas adjacent to the study 
area, the fresh condition of the seeds and the adherence 
of faeces to some specimens indicates that those in the 
Koolan shelter are more likely to derive from another 
source. The rock rats Zyzomys argurus and Z. woodwardi, 
which are both resident on Koolan Island today, habitually 
store seeds. The Terminalia f erdinandiana specimens 
recovered from the deposit do not, however, display chew 
marks or any of the other features usually associated with 
collection by rats (A. Clarke pers. comm.). The extremely 
fresh condition of most of the seeds, the fact that they 
are confined to the top two spits and the presence of 
faeces adhering to at least some of them suggest that 
they are l ikely to have been introduced into the shelter 
by feral goats . In conclusion, it appears uncertain 
whether any of the seeds represented in the upper spits 
of Koolan Shelter 2 are human dietary remains.  
MOLLUSCS 
Land and freshwater species 
Three species of land snail were found in low numbers 
in Spits 1-7 of all five excavation squares, Kimboraga 
koolanensis ,  Amplihagada astuta and Torrestrachia 
bathurstensis. All are cave-dwell ing (A. Solem pers. 
comm.)  and are unlikely to represent human food. 
Below Spit 7 ,  only the freshwater spec ies, Notopala 
essingtonensis, was represented, by s ix  individuals .  
These occurred in Squares C, Spit 9 and D, Spit 1 1 , but 
one specimen was also found in Square AA, Spit 5 .  
Notopala lives primarily i n  large, permanent water bodies 
(Stoddart 1 98 3 : 1 7 1 ), such as are not found anywhere on 
Koolan Island. The archaeological specimens may have 
been brought from the mainland as food species. They 
have been found in other archaeological contexts in the 
Kimberley (Kendrick 1 973) .  
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Saltwater species 
The saltwater molluscs are listed in Table 4. 1 2  by their major 
habitat. 
Family Species 
Marine and reef-dwell ing species 
Chitonidae Acanthopleura spinosa 
Trochidae Trochus sp. 
Turbinidae Turbo cinereus 
Neritidae Nerita undata 
Nerita polita 
Littorin idae Tectarius rusticus 
Muricidae Chicoreus cornucervi 
Volutidae Melo amphora 
Pteriidae Pinctada sp. 
Ostreidae Saccostrea sp. 
Mangrove or mudflat species 
Neritidae Nerita lineata 
Potamididae Cerithidium reidi 
Muricidae 
Geloinidae 
Telescopium telescopium 
Terebralia spp. 
Naquetia capucina 
Geloina (Polymesoda) coaxans 
Common name 
chit on 
trochus 
turban 
nerite 
periwinkle 
murex 
baler 
pearl shell 
oyster 
nerite 
mud whelk 
murex 
mud clam 
Table 4.1 2 Kocian Shelter 2: shel lfish species present, by habitat. 
The classification of species by habitat is not always 
straightforward. The gastropods N erita lineata, N aquetia 
capucina, Terebralia spp. ,  Telescopium telescopium and 
Geloina coaxans are all found exclusively in mangrove 
habitats, Naquetia capucina being confined to the roots of 
some mangrove trees, particularly Rhizophora (F. Wells 
pers. comm.) .  These species make up the bulk of all moll­
uscs classified as mangrove-dwellers, so there is no doubt 
that their presence in the site signifies the exploitation of 
this environment. Oysters, however, are widely distrib­
uted. They are found in greatest abundance on intertidal 
rocks, but also occur on rocks in the intertidal zone within 
and on the landward edge of mangroves and even in small 
Species Upper Shel l Un it 
1 2 3 4 
Acanthopleura spinosa 349.44 264.49 248.81 1 62.57 
Trochus sp. 0.43 1 .01 3 .55 
Turbo cinereus 49.29 29.52 22.85 1 8.04 
Nerita undata 54.94 1 50.70 1 74.37 1 79.76 
Nerita polita 1 2 .01 4. 1 7  1 6.63 3.85 
Tectarius rusticus 1 05.09 1 4.08 8. 1 5  
Chicoreus cornucervi 
Melo amphora 1 2.41 
Pinctada sp. 
Saccostrea sp. 988.40 337.94 63.80 27.96 
Nerita lineata 21 .90 21 .05 8.09 
Cerithidium reidi 0.46 0.44 0.64 
Telescopium telescopium 1 0.24 1 0. 1 6  1 .06 1 .97 
numbers on the roots of mangrove trees (Wells and Bryce 
1 985 : 1 60-2) . The weathered condition of much of the 
oyster shell makes identification to species difficult, but 
they are most likely to be the common genus Saccostrea. 
I have grouped the oysters with the marine species as 
their presence in the Koolan assemblage is negatively 
correlated with that of the exclusive mangrove-dwell ing 
species. Moreover, they are abundant in the open bay 
below the site today. 
The distribution of species through the Shell Horizon 
at Koolan (Tables 4. 1 3  and 4. 1 4; Fig. 4. 1 1 ) exhibits some 
changes that may reflect local variations in the immediate 
site env ironment or alternatively changes at the regional 
scale. The category 'Other' includes all species where 
there were too few individuals to merit a separate entry as 
well as very small shells which are unlikely to be dietary 
and barnacles. The two latter are thought to have entered 
the site attached to c lumps of oysters or other shel ls. 
The ' Unidentified ' column includes all shell fragments 
which could not be identified to species. Figure 4. 1 1  
graphs the weight of each species as a percentage of the 
total shell  weight per spit, for Spits 1 -8 in Square C and 
1 - 1 1 in Square D. The total weight for all shell adjusted 
for volume is shown in the final column. 
Rockplatform species are dominant in the Upper 
Shell Unit, with oysters being responsible for over 50% 
by weight of all shell in the top few spits. In the Lower 
Shell Unit mangrove-dwelling species increase in impor­
tance. The small bay below the site today supports mainly 
oysters (Saccostrea sp.) ,  chiton (Acanthopleura spinosa) 
and N erita undata on the large boulders surrounding the 
bay. Trochus and a few other species would be procur­
able at low tide from the reef platform, but these are not 
found in significant numbers in any level . 
The representation of species below the Shell Horizon 
in Squares C and D is shown in Tables 4. 1 3  and 4. 1 4. 
Fragments of mangrove c lam (Geloina coaxans) and 
pearl shell (Pinctada sp. )  were recovered from Spits 9, 
Lower Shel l Un it Pleistocene Horizon 
5 6 7 8 9 10  1 1  1 2  
42 .01 26.38 7.32 2 .63 
2 .80 1 .56 1 .00 
9.69 2.01 0.73 0.23 
93.24 65.00 32.26 1 0.52 
5 . 1 2  0.77 1 .67 
0.31 
4 .51 2. 1 4  
7.41 1 .81  1 3.57 0.92 
0. 1 0  0.29 
2.70 
Terebralia spp. 22.92 98.94 45.74 36.72 25.66 33.31 24.92 4.52 
Naquetia capucina 1 6.29 1 2.58 1 6.33 1 2.97 1 6.47 1 .20 4.23 
Geloina coaxans 1 3.65 38.82 39.43 33.53 1 9 .33 1 5.01 7.67 3.02 1 8.43 6.30 3.91 
Undiagnostic 1 39.99 63.45 55.71 5 1 . 1 6  1 5 .86 1 9.05 9.75 3.91 
Others 49.59 34.38 42.08 40.75 20.38 1 5.31 3.03 2.65 
Table 4.1 3 Kocian Shelter 2, Square C: shell weights (g) of shellfish species by stratigraphic unit and spit. 
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1 0  and 1 2  of Square C. The species represented 
suggest that they may have been carried inland 
for use as tools or 'value goods' .  In Square D, 
the species represented below the Shell Horizon 
are from mangrove and rock.platform marine inter­
tidal environments and are all dietary species. 
It is difficult to say whether the Shell Horizon 
constitutes a break with the Pleistocene Horizon 
in terms of shellfish species represented, either 
individually or ecologically . Taken together, the 
Pleistocene Horizon of Squares C and D does not 
stand apart from the Lower Shell Unit. Viewed 
separately, Square C could be thought to have a 
proportionally greater representation of mangrove 
shellfish than is seen in the Lower Shell Unit in 
either square, and Square D a greater represent­
ation of rock platform intertidal spec ies .  If 
Squares C and D are combined, there is  nothing 
to set the shellfish represented in the Lower Shell 
Unit apart from the Pleistocene Horizon with the 
possible exception of the presence of Pinctada sp. , 
which does not occur in the Lower Shell Unit in 
either square. However, this species is  so sparsely 
represented in the site overall that no signifi­
cance can be attributed to its presence or absence. 
Discussion 
The dominance of mangrove-associated species 
in the Lower Shell Unit requires consideration. 
The closest mangroves to the site today are on 
the south side of the island, about 3 km from the 
site . Access across land would be extremely diff­
icult but could be made fairly easily by raft. A 
rockshelter has been recorded a short distance land­
ward of the bay and this contains mainly mangrove­
associated species on the surface of the deposit. 
Alternatively, i t  is  possible that the peak in 
mangrove-associated species represents a period 
of site use during the early Holocene when man­
grove forest occurred in the bay below the site and 
such species were available close at hand. 
The development of extensive mangrove 
c o m m u n i t i e s  fol lo w i n g  upon the marine 
transgression has been recorded at  Shark Bay in  
north west Western Australia and elsewhere in 
northern Australia and South East Asia (Allen 
1 987a; Bowdler 1 989; Woodroffe et al . 1 985) .  
The Koolan s ite possibly reflects a s imilar 
pattern. A reconstruction of the offshore profile 
suggests that when the sea first reached Koolan, 
mangroves may have become establ ished in 
areas of shallow water. As sea level continued to 
rise, these areas would have become unsuitable 
for mangrove growth. 
CRUSTACEA 
Crab remains were found throughout the Shell 
Horizon (Table 4. 1 5) .  The poor condition of the 
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Figure 4.1 1 Kocian Shelter 2: stratigraphic distribution of shel lfish species by weight (g). 
material and the lack of diagnostic pieces meant that 
identifications could only be made to Family and Infraorder. 
There are reef crabs (Family Xanthidae) and hermit crabs 
(Infraorder Anomura) . Both reef crabs and hermit crabs 
would have been available in the bay below the site .  
The hermit  crabs ,  however, may not have been 
collected as food by the occupants of the shelter. Some 
land species of hermit crab found in this region are known 
to scavenge food remains and could have made their own 
way into the shelter. 
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Spit 
Square C 
1 
Xanthidae 
(reef crabs) 
2 0.48 
3 
4 
5 0.04 
6 0.67 
7 
8 
9 
1 0  
1 1  
Square D 
1 
2 
3 
4 
5 
6 
7 
8 
Square A 
1 
2 
3 
4 
5 
6 
7 
Square AA 
1 
2 
3 
4 
5 
6 
Square B 
1 
2 
3 
4 
?0.85 
? 1 . 1 1 
?0.79 
Anomura Unidentified 
(hermit 
crabs) 
0. 1 4  
0.46 
0. 1 1  
0. 1 3  
0. 1 7  0. 1 0  
0. 1 8  
0.08 
0. 1 2  
0. 1 0  0.79 
0. 1 3  0.05 
0.03 0.06 
0.07 
0.08 
0 . 1 2  
0.04 
0. 1 0  
0.06 
0.07 
0.02 
0.09 
0.02 
0.32 
Table 4.1 5 Koolan Shelter 2: weights (g) of different categories of 
crab shell by square and spit. ? indicates that the identifi­
cation is probable. 
THE VERTEBRATE FAUNA 
Compared with most sites in Australia's tropical latitudes 
(Hiscock 1 988a; Jones and Johnson 1 985b:222; Schrire 
1 982:89, 1 22; Wright 1 97 1 ), the west Kimberley sites are 
unusual in that faunal remains are preserved in all levels .  
With a few notable exceptions, the vertebrate fauna in 
the Koolan assemblage reflects the range that would be 
expected in the broader mainland region today. 
The raw and volume-adjusted weights of the bone 
from the 6 mm fraction of Squares C and D are presented 
in Table 4. 1 6 . Overall ,  bone weights are substantially 
higher in the Pleistocene Horizon than in the Shell Horizon. 
The low weights for bone in the Upper Shell Unit undoubt­
edly reflect the site ' s  new status on an island. 
The species represented in all excavated squares are 
shown in Tables 4 . 1 7 ,  4 . 1 8 , 4 . 1 9 , 4.20 and 4.2 1 .  As can 
be seen, there is an increase in the numbers of species 
present in the Pleistocene levels, which i s  reflected in 
the overall increase in bone weight for these units. 
Identification to species was in many cases impossible. 
Where positive identifications have been made, they were 
usual ly based on maxilla and mandibles.  The physical 
condition of the Koolan bone is highly variable; much 
of the jaw material  was badly fragmented and few 
dentaries had the teeth intact. Post-cranial material was 
used predominantly to place species within fami lies by 
size range. With regard to macropodids, a great deal of 
size overlap occurs due to sexual dimorphism amongst 
the species that could potentially have been present in 
the area. 
The presence or absence of identifiable taxa was 
assessed independently within each excavated unit by 
spit and square. While this method has some intrinsic 
problems in that it  assumes stratigraphic and spatial 
integrity and can potentially boost the sample number 
due to the overlap of body parts between spatial and 
temporal units (see for example Bowdler 1 984:53 for a 
discussion of this problem), it was thought to provide a 
more accurate guide to changes in species composition 
in the s ite through time. If I had taken a conservative 
approach and identified taxa only within the larger 
temporal analytical units across squares,  species would 
have appeared as 'absent' in many spits in which elements 
of them occurred. The resulting low numbers would 
have made it difficult to appreciate the magnitude of the 
changes that occurred over time in the Koolan shelter. 
Where bone elements occur in any particular spit, 
the taxa were simply recorded as present with an asterisk 
(Tables 4. 1 7 .  4 . 1 8, 4. 1 9, 4.20 and 4.2 1 ) . This should 
not be construed as a Minimum Number Estimate . The 
M inimum Number of Individuals (MNI) was estimated 
only when there was more than one premaxi lla, maxilla 
or mandible identified as belonging to a single species 
within one spit. Where Left and Right elements could 
not possibly have derived from a single individual , for 
example a pouch young with unerupted molars and an 
individual with worn fully erupted molars, they were 
recorded as two individuals .  
Faunal species recovered are discussed in terms of 
their present distribution in the region. 
Kangaroos and wallabies (Family Macropodidae) 
Two species of large macropodid, Macropus antilopinus 
and M. rufus, two of medium-size, M. agilis and Petrogale 
brachyotis , and two species  of small  macropodid ,  
Thylogale burbidgei and Peradorcas concinna, have been 
positively identified in the Koolan assemblage. 
Of the large macropodids, M. antilopinus, the Antilopine 
Wallaroo, is found on the mainland adjacent to Koolan 
Island today. Although it usually occurs in open Eucalyptus 
woodland supporting a perennial grass understorey, it i s  
also sometimes found in rocky habitats, where Macropus 
robustus, the Common Wallaroo, is more abundant (Calaby 
1 983 :252; Poole 1 983 :250). In view of the distribution 
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Square C Square D 
Spit wt Adjusted wt Spit wt Adjusted wt 
1 3.87 4.37 1 1 .35 1 .68 
Upper Shell 2 9. 1 6  1 3.24 Upper Shell 2 0.24 0.32 
Unit 3 9 .60 9.60 Unit 3 2.61 2.95 
4 5 .34 6.99 4 3.26 3.26 
5 -
5 9 .06 1 4.03 
Lower Shell 6 27.08 39.82 6 3.43 4.69 
Unit 7 1 78.24 228.23 7 24.69 29.26 
8 1 91 .86 242. 09 Lower Shel l 8 48.81 56.39 
Unit 9 1 31 .67 1 91 . 52 
9 276.95 326.88 1 0  1 1 8.27 1 43 .90 
1 0  1 1 1 .50 1 72.72 1 1  1 9 1 .03 2 1 9. 1 0  
1 1  86.24 1 28.99 
Pleistocene 1 2  442.48 1 086.25 1 2  1 86. 1 5  256.76 
Horizon 1 3  31 2. 1 0  668.51 1 3  99.25 1 70.75 
1 4  327. 1 7  1 041 .54 Pleistocene 1 4  338.68 673. 1 5  
1 5  1 5. 1 9 48.36 Horizon 1 5  578.40 1 504.78 
1 6  1 .66 8.85 
1 7  - -
Table 4.1 6 Kocian Shelter 2: raw and volume-adjusted weights (g) of vertebrate fauna in Squares C and D by stratigraphic unit and spit. 
Species Upper Shell Unit Lower Shell Unit Pleistocene Horizon 
1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  
Large macropodid * * * * * * * 2 * * 
Medium-sized macropodid * * * 
Small macropodid * * * * 
Macropus antilopinus * 
Macropus rufus 
Macropus agilis 
Petrogale brachyotis * * * * 
Petrogale burbidgei * 
Peradorcas concinna * 3 3 * 
Thylacinus cynocephalus 
Sarcophilus harrisii * 
Small dasyurid 
Dasyurus hallucatus 
Sminthopsis virginiae 
/soodon macrourus * * 
lsoodon auratus * * 
Possum * 
Large rodent 
Medium-sized rodent * * * 
Small rodent 
Zyzomys argurus 
Rattus tunneyi 
Macroderma gigas 
Medium-sized reptile * * 
Small reptile 
Boid sp. 
Tiliqua sp. * * 
Table 4.1 7  Koolan Shelter 2, Square C: presence of vertebrate fauna by stratigraphic unit and spit. * indicates presence. 
and habitat preferences of the Common Wallaroo, it 
seems l ikely that some of the material identified simply 
as large macropodid is  from this species. Both species 
are known to rest under rocky ledges and overhangs 
during the heat of the day. Although positive identifications 
of M. antilopinus occur only in Spits 8 and 9 of Square 
AA and in Spit 9 in Squares C and D, large macropodid 
remains are found throughout the site, including the 
Upper Shel l Unit. 
The presence of M. rufus, the Red Kangaroo, in the 
Pleistocene Horizon (Spit 1 5  of Square D) is more difficult 
to interpret, Koolan Island being well outside its present 
range. Being a grazing animal, it inhabits open plain habitats 
and today is restricted to areas of less than 500 mm annual 
rainfall (Sharman 1 983 :255).  While open grasslands may 
have been marginally more extensive during the late Plei­
stocene, rainfall would presumably have been much 
higher than the 500 mm c ircumscribing the species 
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Species Upper Shell Unit Lower Shell Unit Pleistocene Horizon 
1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  
Large macropodid * * * * * * * * 
Medium-sized macropodid * * * * * * * * * * * 
Small macropodid * * * 
Macropus antilopinus * 
Macropus rufus ? * 
Macropus agilis * 
Petrogale brachyotis * * * * 
Petrogale burbidgei 
Peradorcas concinna * * * * * * * 2 * 
Thylacinus cynocephalus * 
Sarcophilus harrisii 
Small dasyurid * * 
Dasyurus hallucatus 
Sminthopsis virginiae * * 
lsoodon macrourus * 
lsoodon auratus * * * 
Possum 
Medium-sized rodent * * * * * * * * 
Zyzomys argurus * ? ? ? ? 
Rattus tunneyi * ? * ? 
Macroderma gigas * 
Medium-sized reptile * * 
Small reptile * * * * * 
Boid sp. * 
Tiliqua sp. * * 
Table 4.1 8 Koolan Shelter 2, Square D: presence of vertebrate fauna by stratigraphic unit and spit. * indicates presence and ? that the 
identification is probable. 
Species Spit 
1 2 3 4 5 6 7 8 9 
Large macropodid * * * * * * 
Medium-sized macropodid * 
Small macropodid * * * * 
Macropus antilopinus * * 
Macropus rufus 
Macropus agilis 
Petrogale brachyotis 
Petrogale burbidgei 
Peradorcas concinna 2 * * * * 
Thy/acinus cynocephalus 
Sarcophilus harrisii 
Small dasyurid 
Oasyurus hallucatus 
Sminthopsis virginiae 
lsoodon macrourus 
lsoodon auratus * * 
Possum 
Large rodent * 
Medium-sized rodent * * 
Small rodent * 2 * 2 
Zyzomys argurus 
Rattus tunneyi 
Macroderma gigas 
Medium-sized reptile * 
Small reptile * 
Boid sp. 
Tiliqua sp. 
Table 4.1 9 Koolan Shelter 2, Square AA: presence of vertebrate 
fauna by spit. * indicates presence. 
distribution today. It is  l ikely that today M. rufus exhibits 
a greatly constricted range. Support for this idea comes 
from eastern Australia, where late Pleistocene remains 
of this species have been found near Melbourne, indicat­
ing its range has contracted substantially s ince the last 
glacial (T. Flannery pers. comm.) .  
Isolated teeth of Macropus agilis, the medium-sized 
Agile Wallaby, were recovered from the Upper Shell 
Unit (Spit 3 of Square D), well after the island was 
isolated from the mainland. Today the Agile Wallaby is 
the most common macropodid in tropical coastal Australia. 
Although its preferred habitat is along rivers in relatively 
open country, it is also found in rocky areas where grasses 
are abundant (Merchant 1 983 :242-3 ) . As there are no Agile 
Wallabies on the island today, there are three possible 
explanations for its archaeological presence. The first is 
that the remains represent a now extinct island populat­
ion, though in view of the animal ' s  habitat preferences 
and the small size of Koolan, it is unlikely that it  would 
have survived so long after insulation. The second possible 
explanation relates to the fact that the Agile Wallaby is 
known to be a capable swimmer, Johnson ( 1 964:458), for 
example, hav ing recorded seeing one swimming near 
an island off the Northern Territory coast. Given the 
narrow channel separating Koolan from the mainland, it 
is  possible the individual(s) from the rockshelter had 
managed the crossing to the is land.  The third possibility 
is that they were animals hunted on the mainland and 
transported as carcasses to the island, an explanation that 
could account in general for the small but consistent 
quantity of post-cranial material from large and medium­
sized macropodids in the Upper Shell Unit. 
Petrogale brachyotis, the Short-Eared Rock Wallaby, 
is the only species in the medium-size range found on 
the coastal mainland of the research area today. As it 
inhabits rocky hills, cliffs and gorges in areas of the north 
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Species 
1 
Large macropodid 
Medium-sized macropodid * 
Small macropodid 
Macropus antilopinus 
Macropus rufus 
Macropus agilis 
Petrogale brachyotis 
Petrogale burbidgei 
Peradorcas concinna 
Thylacinus cynocephalus 
Sarcophilus harrisii 
Small dasyurid 
Dasyurus hallucatus 
Sminthopsis virginiae 
/soodon macrourus 
lsoodon auratus 
Possum 
Large rodent 
Medium-sized rodent 
Small rodent 
Zyzomys argurus 
Rattus tunneyi 
Macroderma gigas 
Medium-sized reptile 
Small reptile 
Boid sp . 
Tiliqua sp. 
Spit 
2 3 4 5 
* * * 
6 
* 
2 
* 
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west of Western Australia above the 700 mm isohyet, 
its occurrence in the s ite is not unexpected (Shannan and 
Maynes 1 983 :22 1 ). It is one of the best represented species 
on northern offshore islands today (Abbott 1 980:349). 
While it was mainly found in the Lower Shell Unit 
and Pleistocene Horizon, a molar fragment was recovered 
from Square B, Spit 1 in the Upper Shell Unit. It is likely 
that the material simply identified as medium-sized 
macropodid is Petro gale brachyotis, which would suggest 
its survival on the island until comparatively recent times. 
The two small macropodids, Petro gale burbidgei, the 
W arabi ,  and P eradorcas concinna, the N abarlek, are also 
both found on the coastal mainland today. Both favour 
the highly fractured sandstone country and, being noc­
turnal feeders, shelter among the rocks and caves during 
the day (Kitchener 1 983 :222; Sanson 1 983 :223) .  
In Square C both spec ies  are  confined to the 
Pleistocene Horizon; in Square D Petrogale burbidgei 
is not represented and P eradorcas concinna is found in 
the Lower Shell Unit and Pleistocene Horizon. In the 
undated deposits of Squares AA, A and B Petrogale 
burbidgei is not present, but Peradorcas concinna is 
found in Spits 4-9. There is no evidence for these species 
surviving on Koolan Island into recent times . 
Bandicoots (Family Peramelidae) 
Table 4.20 Kocian Shelter 2, Square A: vertebrate fauna by spit. 
* indicates presence. 
Two species of bandicoot were found throughout the 
Koolan Shelter 2 deposit, including the upper levels 
which postdate insulation.  B oth spec ies ,  Isoodon 
macrourus, the N orthem Brown Bandicoot, and the smaller 
I. auratus, the Golden Bandicoot, are common in a wide 
Species 
1 2 3 
Large macropodid * * 
Medium-sized macropodid 
Small macropodid 
Macropus antilopinus 
Macropus rufus 
Macropus agilis 
Petroga/e brachyotis * 
Petrogale burbidgei 
Peradorcas concinna 
Thylacinus cynocephalus 
Sarcophi/us harrisii 
Small dasyurid 
Dasyurus hallucatus 
Sminthopsis virginiae 
lsoodon macrourus 
lsoodon auratus 
Possum 
Large rodent 
Medium-sized rodent 
Small rodent 
Zyzomys argurus 
Rattus tunneyi 
Macroderma gigas 
Medium-sized reptile 
Smal l reptile 
Boid sp. 
Tiliqua sp. 
Spit 
4 5 6 7 
* * 
* 
* * 
* 
* 
* 
* 2 
* 
8 9 1 0  
* * 
* 
1 1  1 2  
* 
range of habi tats  i n  north west  
Austral ia  that provide low ground 
cover such as grasses and shrubs 
(Gordon 1 983:96; McKenzie 1 983 :98). 
Their modem distribution includes the 
mainland adjacent to Koolan Island. 
I soodon auratus has been recorded on 
some of the smal l  i s lands of the 
Bonaparte Archipelago to the north of 
the survey area (McKenzie 1 983 :98).  
The species occur in all excavation 
squares except Square A, but not above 
Spit 5 in any square, so it would appear 
that they did not survive on the island 
into recent times.  
Table 4.21 Kocian Shelter 2, Square B: vertebrate fauna by spit. * indicates presence. 
Possums (Family Phalangeridae) 
Only one specimen from this  family 
was identified, in Spit 13 of Square C, 
the Pleistocene Horizon. Identification 
could not be refined to species, but it 
is l ikely to be either Wyulda squami­
caudata, the Sealey-Tailed Possum, or 
Trichosurus arnhemensis, the Northern 
Brushtail Possum. Today neither species 
occurs on Koolan, but T. arnhemensis 
is found on the adjacent main land 
(Kerle 1 983: 149) and W squamicaudata 
to the north on the Mitchell Plateau 
(Burbidge 1 983 : 1 52-3), which has a 
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higher rainfall ( 1 000 mm).  Here it occupies a habitat 
that would suggest its l ikely occurrence in the survey 
area prior to the onset of glacial aridity in the late 
Pleistocene (Burbidge 1 983 :  1 52-3 ) .  
Marsupial carnivores 
Family Dasyuridae 
Dasyurus hallucatus, the Northern Quoll ,  a small  
dasyurid common in the dissected rocky terrain of the 
Kimberley, is abundant on Koolan Island today. It is 
omnivorous and could be responsible for accumulating 
some of the smaller rodents and reptiles in the site (Begg 
1 983a:22-3) .  Dasyurus hallucatus is only positively 
identified in Square B Spit 6, although the bone frag­
ments identified as small dasyurid in the Pleistocene 
Horizon of Square D may belong to this species. 
One dentary of Sminthopsis virginiae , the Red­
Cheeked Dunnart, was the only specimen of several small 
marsupial carnivore dentaries that could be identified to 
species. The animal is  ·widely distributed in northern 
Australia today (Archer 1 983 :56) and its apparent absence 
from the survey area is probably simply due to the limited 
nature of the faunal studies undertaken in the region. It 
was found in Spits 1 1  and 14 of Square D.  
One individual of Sarcophilus harrisii, the Tasmanian 
Devil ,  was identified from the Pleistocene Horizon in 
Spit 1 3 , Square C. The common name of this species is 
due to the fact that it is today confined to Tasmania. Its 
extinction in mainland Austral ia is thought to have 
occurred approximately 3000 to 4000 years ago (Milham 
and Thompson 1 976). It is a common component in arch­
aeological faunal assemblages and has often been held 
responsible for contributing to their accumulation as it 
is primarily a nocturnal carrion feeder that returns to 
caves and hollows to consume its food and shelter during 
the day. Sarcophilus harrisii is a 'taphonomic pest ' and 
there is a considerable body of literature dealing with the 
problem of unscrambling the combined effects of man 
and Devil in the accumulation of faunal assemblages 
(Balme 1980; Balme et al . 1978; Bowdler 1 984; Hope 1980) . 
Thylacine (Family Thylacinidae) 
One mandible of Thylacine cynocephalus was identified 
in the Pleistocene Horizon, Spit 1 4  of Square D. The 
now extinct Tasmanian Tiger was once widespread on 
the Australian mainland. Ev idence from cave deposits 
suggests the thylacine disappeared when the dingo moved 
into its habitat. This ecological replacement probably 
occurred in most areas about 3000 bp (Archer 1 984: 1 0 1 5) .  
Unlike the Tasmanian Dev il, the thylacine was an 
active hunter, kangaroos and wallabies forming its main 
prey. It is thought to have been a nocturnal hunter, 
retiring into its lair during the daylight hours . As with 
the Devil, its presence has implications for the origin of 
the faunal materials at the site .  
Rodents (Fami ly Muridae) 
The poor condition of most of the rodent material means 
that in the majority of cases identifications have only 
been possible to family. It seems certain that the number 
of species present is much higher than the two that have 
been determined. These are Zyzomys argurus, the Common 
Rock Rat, and Rattus tunneyi. 
Zyzomys argurus is found on Koolan today and, l ike 
the larger Z. woodwardi, inhabits areas of dissected rocky 
terrain (Begg 1 983b:387) .  It is found in Square D in 
Spit 2 and has probable identifications in Spits 6, 7, 8 
and 1 3 . The large rodent identified in Square AA, Spit 8 
is likely to be Z. woodwardi. 
Rattus tunneyi has a coastal distribution and is found 
in areas of tall grassland. It is found in Square D in Spits 
1 0  and 1 2, with possible occurrences in Spits 1 1  and 1 3 . 
Bat (Fami ly Megadermatidae) 
One individual of Macroderma gigas, the Ghost Bat, 
was identified in Spit 1 of Square D.  
This i s  Austral ia ' s  only carnivorous bat . I ts  prey 
includes lizards, birds and small mammals .  As it roosts in 
caves and rock fissures during the day and takes its prey 
to such roosts for consumption, it also must be considered 
a potential contributor of bone to the Koolan faunal ass­
emblage (Richards 1 98 3 : 292). 
Snakes and lizards 
Most of the reptile material is  in the form of vertebrae, 
which are not diagnostic to species level. In most cases 
I have simply characterised them as being from medium 
or small reptiles. Exceptions to this generalised treatment 
are the mandibles of Tiliqua sp., the Blue Tongue Lizard, 
which occur in the Lower Shell Unit in Spits 8 and 1 0  of 
Square D and in the Pleistocene Horizon in Spits 10 and 
1 3  of Square C, and the python vertebra (Boid sp.) in Spit 
1 1  of Square D at the base of the Shell Horizon. 
Turtle 
Small fragments of turtle bone were recovered from Spits 
1 4  and 1 6  of Square D in the Pleistocene Horizon. On 
the basis of s ize and robustness they were identified as 
freshwater turtle (T. Flannery pers. comm.). This indicates 
that pools of freshwater were available in the v icinity of 
the site at the time. The specimens would almost certainly 
have found their way into the deposit as a result of human 
action. 
Surprisingly, no evidence of marine turtle was recov­
ered from the Shell Horizon. 
Fish 
Fish remains are sparse in the Upper Shell Unit of 
Koolan, to which they are virtually restricted (Table 
4.22). Only provisional identifications have been made 
as no comparative reference material was available to 
me in Western Austral ia. 
Spit Square 
B c D 
1 0. 1 5  0.04 0.55 
2 0. 1 1  
3 0.88 0. 1 8  
1 0  0. 1 9  
Table 4.22 Kocian Shelter 2: weights (g) of fish bone in Squares B, 
C and D by spit. 
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Two families have been identified, Labridae (wrasses) 
and Scaridae (parrotfish). All individuals are quite smal l ,  
indicating exploitation of inshore reef areas, such as  are 
present in the small bay below the site or on the reef 
separating the west end of Koolan from Tarrant Island. 
According to ethnographic sources,  fish in the west 
Kimberley were either poisoned or speared, the use of 
nets or lines being unknown (see Chapter 2). Poisons 
were used in rock pools and pools and holes in the reefs 
at low tide. The stupified fish would rise to the surf ace 
where they were easily scooped out and consumed (Love 
1 936:76-7) .  Women used short spears in the tidal pools 
to spear fish under the coral ledges (M. Smith pers. comm.) .  
The small size of the fish suggests the use of one or both 
of these techniques rather than that of large spears, which 
would have been size-selective for larger individuals.  
One fish vertebra was found in Spit 10 of Square C. 
As thi s  is  at the transition from the terrestrial to marine 
period, it could belong to either a freshwater or marine 
fish. No identification was possible (S. Colley pers. comm.). 
From the combined fish weights from the 6 mm and 
3 mm fractions it is obvious that fishing was not a primary 
preoccupation of the Koolan residents (Table 4.22). 
Birds and eggshell 
Several spec ies of birds have been identified in the 
Koolan fauna! assemblage (Table 4.23) .  B ird eggshel l  
was  also present in  smal l but  consistent quantities 
throughout the Shell Horizon. 
Scientific name Common name 
Square D,  Spit 1 Chlamydera nuchalis Great Bowerbird 
Tyto alba Barn Owl 
Falco berigora Brown Falcon 
Square D, Spit 4 Burhinus magnirostris Stone Curlew 
Table 4.23 Koolan Shelter 2: identified bird species by square and 
spit. 
The Brown Falcon (Falco berigora) and the Barn 
Owl (Tyto alba) probably used the site as a roost and are 
l ikely to have contributed some of the smaller terrestrial 
fauna, such as rodents, to the deposit. Neither species 
current! y roosts in the shelter. 
The other two species, the Great Bowerbird ( C hlamydera 
nuchalis) and the Stone Curlew (Burhinus magnirostris) ,  
may represent either food remains of people or, alterna­
tively, prey of one of the two predator bird species. If the 
former, they could hardly be said to have been econom­
ically important. 
More informative than the few bird bones are the 
eggshel l  fragments, which were found in Spits 1-8 of 
the Shell Horizon in Squares C and D. Interestingly, the 
eggshell fragments were identified as pelican (Pelecanus 
conspicillatus). This identification was arrived at by 
measuring the thickness of all the fragments with calipers 
and then comparing the measurements with all species 
l ikely to occur in the area. The only species that had shell 
of the appropriate size, thickness and texture was pelican 
(G. van Tets pers. comm.) .  Although the pelican is mostly 
an inland bird in Austral ia, it also occurs in quiet waters 
in marine situations and in W estem Australia all breeding 
stations are on offshore islands (Serventy et al . 197 1 : 1 8 1 ) . 
Many of the original breeding stations recorded by the 
first explorers of Australia ' s  coasts are long abandoned. 
Pelicans have a strictly confined breeding season, so 
providing useful information about seasonal use of the 
Koolan site. In marine localities from Shark Bay north to 
the Gulf of Carpentaria, they breed from March to July 
(Serventy et al . 1 97 1 : 1 83) .  
Fauna from the 3 mm sieve fraction 
of Square D 
All faunal material recovered from the 3 mm fraction of 
Square D was analysed. Weights of this material are presen­
ted in Table 4.24, together with stone artefact weights from 
the same sieve fraction. 
Spit Stone Bone Crab Eggshell Fish 
1 0.39 3.68 0.32 0.49 0.07 
Upper 2 0.32 2.50 0.82 0.23 0. 1 2  
Shel l 3 0.37 2.63 0.95 0.08 -
Horizon 4 0.03 1 .44 0.47 0.08 -
5 0.04 1 .79 0.31 0. 1 1  -
6 0.42 4.45 0.25 0.34 -
Lower 7 0.24 9.29 0.56 0 .52 -
Shel l 8 0.22 5.47 0.25 - -
Horizon 9 0.43 7.99 0.08 - -
1 0  0.21 1 3.70 - 0. 1 3  -
1 1  0.39 1 7.81 0.07 0.03 -
1 2  0.26 7.70 - 0.07 -
1 3  0.43 1 1 .34 0.08 -
Pleistocene 1 4  0.33 8 .61 0.05 -
Horizon 1 5  0.25 1 3.22 0.04 -
1 6  0.08 5.20 0.05 -
1 7  - 0.73 - -
Table 4.24 Kocian Shelter 2, Square D: weights (g) of selected 
cultural and faunal remains from the 3 mm sieve fraction. 
Bone weights are generally higher in the Pleistocene 
Horizon than in the Shell Horizon. This reproduces less 
dramatically the picture from the 6 mm fraction (Table 
4. 1 6) .  While it is possible that some of this bone was 
introduced into the site by non-human predators, the 
burnt condition of much of it (56%) and the presence of 
fish and crab in the Shell Horizon indicate that human 
agency was primarily responsible for its accumulation. 
Implications of the fauna) remains 
Very l ittle of the fauna in the Koolan Shelter 2 is  infor­
mative in terms of broader environmental change over time, 
but it does reflect changes in the immediate site environ­
ment. Faunal material spanning the period of the last 
glacial maximum is absent because the shelter was unoccu­
pied. While this is unfortunate in that such fauna may 
have given some indication of the extent of aridity during 
the period of abandonment, it perhaps suggests that most 
of the fauna deposited while the shelter was occupied 
has a human origin. The freshwater turtle in the Pleistocene 
Horizon of Square D indicates the presence of a sizeable 
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body of permanent freshwater within the v ic inity of the 
shelter prior to 24,000 bp. The presence of Red Kangaroo 
(Macropus rufus) in the lower levels of the site is of uncer­
tain significance. Today this species is limited to arid and 
semi-arid pasture country, but there is evidence that in 
the past it was more widely distributed. 
Origin of the faunal remains 
The Koolan site contains a large number of potential 
predators aside from the Aboriginal occupants. The 
Tasmanian Devil (Sarcophilus harrisii), recovered in the 
Pleistocene Horizon, is a voracious predator and well known 
for accumulating bones in caves (Bowdler 1 984; Douglas 
et al . 1 966). The problem of disentangling the remains 
left by Devils from those of human predators has plagued 
many Australian archaeologists (see for example Bowdler 
1 984:78;  Dortch 1 984:38) and various methods have been 
employed to this end. These include the presence of 
burning as an indicator of human agency (Balme 1 980:50; 
Bowdler 1 984:79-80) and examination of the breakage 
patterns of the bone to detect fracture characteristics and 
puncture marks attributable to damage inflicted by Sarco­
philus (Bowdler 1 984:78) .  
Also present in the Pleistocene Horizon was the 
Tasmanian Tiger (Thylacinus cynocephalus). This species 
is thought to have been an active hunter and to have 
preyed on macropods. Due to its extinction, however, 
l ittle is  known about its dietary habits and resulting bone 
accumulations (Bowdler 1 979: 1 68).  Small dasyurids like 
the Northern Quoll (Dasyurus hallucatus) could conceiv­
ably have contributed some of the smaller fauna. It is ,  
however, equally possible that they represent human prey 
themselves, as Love ( 1 936:90) observed people eating ' the 
spotted native cat ' .  
The Brown Falcon, the Barn Owl and the Ghost Bat 
could potentially have contributed some faunal material 
to the site but would only have been responsible for the 
small rodents, dasyurids and bandicoots. 
Despite all this,  it appears that a large part of the 
Koolan fauna has resulted from human occupation. The 
shellfish, crab, fishbone and turtle are unequivocally human 
food remains. The macropodids in the Upper Shell Unit 
are most l ikely to have been imported to the island by 
the shelter ' s  occupants. It seems unlikely that an i sland 
the size of Koolan would have been capable of sustaining 
a viable population of medium or large macropodids 
(Abbott 1 980:348).  Ecological surveys of the Buccaneer 
Archipelago have shown that none of the islands, apart 
from Long Island, today supports a macropodid population 
(Burbidge and McKenzie 1 978) .  
A significant proportion of the bone in all levels of 
the Koolan assemblage is burnt, although no attempt has 
been made to quantify this feature. 
Contribution to the diet 
Estimates of the proportion of the diet contributed by 
various resources are fraught with problems, even in ideal 
circumstances. In an area where rockshelters constitute 
virtually the entire remaining expression of a coastal 
economy, the problems are exacerbated. It is  obvious 
that in the Pleistocene Horizon and at the base of the 
Lower Shell Unit, terrestrial fauna, and in particular 
macropodids, constitute the bulk of the protein repre­
sented there. In the Upper Shell Unit, after Koolan 
became an island, shellfish and fish make a greater contri­
bution to the diet. The consistent presence of a small 
quantity of macropodid bone in the Upper Shell Unit is ,  
however, a reminder of the fact that other activities were 
being pursued away from the s ite . For this reason no 
attempt has been made to estimate the percentage of the 
diet represented by different species. 
Seasonality 
The pelican eggshell recovered from Spits 1 -8 in Squares 
C and D indicates that shortly after the sea reached 
Koolan a breeding station was established that persisted 
until about 500 years ago. The eggshell shows, moreover, 
that the site was used in March-July, which of course 
does not preclude the possibility of its occupation at any 
other time of the year. 
CONCLUSIONS 
Koolan Shelter 2 appears to have been ephemerally used 
throughout the considerable span of its history, although 
the evidence suggests that it  was e ither v isited more 
regularly or used more intensively before its abandonment 
in the late Pleistocene than after its reoccupation in the 
early Holocene. In the Upper Shell Unit, representing 
the last 3700 years, artefact discard rates exceed those 
in the Pleistocene Horizon. 
The stone artefacts show little evidence of change 
throughout the sequence and the assemblage contains 
no formal tools .  Even the scraper forms common to 
Pleistocene assemblages elsewhere in Australia fail to 
make an appearance in the Koolan shelter (see Bowdler 
1 984: 1 04-8 for a review of the southern sites; Schrire 1 982: 
1 03-4, 1 39-40) . It is  possible that, at least in the Holocene 
levels, the shell scrapers with dentate edges were the 
functional equivalent of the stone scrapers found 
elsewhere .  The absence of shell tools in the Pleistocene 
Horizon may be attributable to lack of preservation, as 
while pieces of Geloina shell were recovered, they were 
weathered and undiagnostic . Also notably absent are 
edge-ground hatchets and ground flakes such as were 
found in the Arnhem Land assemblages from the earliest 
levels (White 1 967) .  As will be discussed in the following 
chapter, their absence from the Koolan shelter is  thought 
to be due to the ephemeral nature of site use at Koolan 
rather than to a regional absence.  
The nature of stone reduction throughout can be 
characterised as of low intensity . In common with several 
assemblages of comparable age (Bowdler 1 984: 1 39-40), 
the Koolan shelter assemblage i s  dominated by quartz. 
Use of the bipolar technique is evident in all levels. 
That the site does not reflect the mid- to late Holocene 
changes in technology that are seen at the mainland s ites 
discussed in the following chapter is thought to be due 
to its island location. The reliance on locally available 
raw materials and the low number of formal artefacts types 
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or secondarily worked pieces are characteristics shared 
with other Australian island sites (Bowdler 1 984: 1 23 ;  
Gaughwin and Fullagar n.d. ) .  Added to  this is the fact 
that the bifacial and unifacial points which appear in the 
mainland sites during the mid-Holocene are not l ikely 
to have been a functional type of much utility on an island 
where large terrestrial game was absent. 
The Koolan faunal assemblage also suggests a low 
level of site use and a heavy emphasis  on resources 
available in the immediate site environment. Apart 
from the introduction of fish and shellfish in the Shell 
Horizon, the main change in the faunal record is  the 
greatly restricted range of species in the levels post­
dating the island's separation from the mainland. Inter­
estingly, no marine turtle or du gong, such as were 
found at my mainland sites and the High Cliffy Island 
Shelter, were recovered from Koolan Shelter 2. In short, 
the shellfish, fish and crustacea al l reflect exploitation 
of the immediate site environment with no focus on any 
single resource or resource type . 
There is an occupational hiatus at the shelter between 
24,000 bp and 1 0,500 bp, which indicates a departure of 
people during this period. It is unclear whether this was 
due to local population readjustment with the onset of 
more arid conditions assoc iated with the last glacial 
maximum or, alternatively, to regional abandonment as 
people followed the retreating strandline. As will be 
seen in the following chapter, the mainland shelters shed 
more light on this issue. 
At the end of the Pleistocene, warming conditions 
again brought the sea to the doorstep of Koolan Shelter 
2 and with it the appearance of a well-developed maritime 
economy. A date of ea. 1 0,500 bp for reoccupation of 
the shelter corresponds well with the time the sea reached 
the northern face of the range that today forms the north 
coast of Koolan. This is interpreted as evidence that 
prior to this  time people were living on the Pleistocene 
coastl ine and followed the sea as it rose. 
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WIDGINGARRI SHELTERS 1 AND 2 
INTRODUCTION 
The two mainland rockshelters known as Widgingarri 
Shelters 1 and 2 (Fig. 5 . 1 )  were first occupied at approx­
imately the same time as Koolan Shelter 2. The assemblages 
from these mainland shelters serve both to support and 
to clarify some of the chronological trends identified in 
the previous chapter, as well as to highlight regional 
variation. It is argued below that the Widgingarri shelters, 
l ike Koolan Shelter 2, were not continuously occupied. 
However, they were further inland than the Koolan shelter 
at the time they were initially used and continued in use 
throughout the early glacial maximum, being abandoned 
approximately 1 9,000 years ago, when they were several 
hundred kilometres from the coast. Reoccupation occurred 
between 7000 and 8000 years ago when the sea came close 
to its present position. The sites continued in use into the 
European contact period. The Widgingarri shelters provide 
a different perspective on occupation in the Holocene, 
as the cultural material recovered indicates that they 
functioned as short-term base camps rather than ephem­
erally occupied rockshelters like Koolan Shelter 2. 
Widgingarri Shelters 1 and 2 were excavated with 
the primary aim of establishing a chronological sequence 
for the west Kimberley comparable to sequences from 
the east Kimberley, and from further north in Arnhem 
Land, that spanned the appearance of point technology 
(Dortch 1 977; Jones 1 985;  Schrire 1 982) .  On the basis 
of inspection of open surface sites in Dampierland, over 
200 km to the south west of the survey area, Akerman 
( 1 975a) had proposed a speculative sequence for stone 
and shell artefacts , but as these sites contained no evid­
ence of point manufacture and were undated, they were 
of limited comparative value. B lundell ( 1 975 :  1 29-243) 
tested six rockshelters on the inland freshwater reaches 
of the Charnley, Lennard and Barker Rivers (Fig. 1 . 1 )  and 
recovered stone assemblages which included points, 
though she concluded that the sites were of l imited 
antiquity and obtained no radiocarbon dates .  No point 
industry was recovered from the excavation of Koolan 
Shelter 2, while the High Cliffy Island Shelter excavation, 
discussed in the following chapter, did not provide a 
continuous sequence of sufficient antiquity to bridge the 
transition. 
The Widgingarri shelters were discovered during the 
survey of the mainland adjacent to High Cliffy Island. 
This area of the coast is approximately 16 km north east 
of the island (Fig. 5 . 1 ) . It was selected for intensive survey 
as it was known by my Aboriginal consultants to contain 
at a least one rockshelter with deposit and it was thought 
that other suitable shelters might be located nearby. 
Widgingarri Shelters 1 and 2 were just two of 16 shelter 
overhangs located during the survey. These shelters were 
selected for excavation in preference to the others prim­
arily because the living floors were well protected and 
the dark colour of the surface sediments suggested a 
deposit rich in organic material. In addition, they con­
tained no obvious burials and had no contemporary 
mythological significance for the Worrorra which might 
preclude the ir excavation. 
THE MAINLAND ENVIRONMENT 
Vegetation 
Rainfall is higher on the coast near Widgingarri than on 
Koolan Island and the adjacent mainland, about 1 1 00 mm 
per annum.  There is a sl ightly longer wet season and 
the vegetation reflects the higher rainfall regime. As 
discussed in Chapter 3, the High Cl iffy Is land and 
Widgingarri mainland sites fal l  within the Gardner 
Botanical District of the Prince Regent Plateau sub­
province. The vegetation of the mainland is described 
by Beard ( 1 979:5 1 )  as the Eucalyptus dichromophloia 
sub-all iance, which occurs on rugged sandstone country 
with shallow skeletal soils  and much outcropping rock. 
The tree layer is variable in height, averaging about 10  m. 
Smaller trees,  including several of economic importance 
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Figure 5.1 Location of Widgingarri Shelters 1 and 2. 
such as Ficus and Terminalia, are scattered throughout. 
In general, it appears not unlike the vegetation of Koolan, 
but is taller and more open and has the visible addition 
of some species, most noticeably the boab, Adansonia 
gregorii, which are absent from the coastal margin to 
the south . 
Geology and landscape features 
Like the rest of the study area, the mainland is within 
the Kimberley Basin and consists of sedimentary and 
volcanic rocks. No outcrops of volcanics or fine-grained 
sedimentary rocks were located in the survey area, but 
basic volcanics are marked on the geological sheet east 
of the Widgingarri coastline, with suites of sedimentary 
rocks only a few kilometres inland from the research 
region. No sources for the fine- or coarse-grained quartzites 
that comprise the majority of the artefact assemblages 
of both shelters were found. The rounded cortex on the 
outside of a few broken core fragments in the lower spits 
indicates that the fine-grained quartzite may have been 
collected as river pebbles. 
The topography on the immediate coastal margin is 
less rugged than that of the mainland to the south west 
near Koolan. Sandy beaches are relatively common, but, 
as on the islands, most are inundated by spring tides.  
This section of the coast has large tidal mangrove-filled 
inlets. At the back of the beaches occasional small stands 
of Pandanus mark the location of coastal springs or soaks. 
Widgingarri Cove 
Freshwater �e 
& 
� 
Wldglngarri 
.A Shelters 1 & 2 
Lizard 
O lsland 
1 24°301 
1 5°451 
Freshwater Cove, only a few kilometres to the south east 
of the shelters, has two such springs, one of which is 
only exposed during mid- to low tide. Freshwater is 
abundant along thi s  stretch of coast, although rarely 
occurring as permanent standing pools. 
ARCHAEOLOGICAL SURVEY 
As discussed in Chapter 1 ,  the survey strategy was 
purposive rather than systematic. Most time was expend­
ed surveying the immediate coastal strip and along ridge 
slopes, with the aim of locating shell middens and shelter 
sites .  Additionally, it was thought that the distinctive 
chert quarried on High Cliffy Island might be detected 
in the rockshelters or surface s ites on the adj acent 
mainland (O 'Connor 1 987) .  
Despite a comprehensive survey of the immediate 
coastal margins, no midden sites were located (O'Connor 
1 989) , but a number of rockshelter sites were found. The 
two selected for excavation belong to a suite of 1 6  on 
the east side of a long north-south stony rise. 
THE SITES 
Both sites contain a large number of painted motifs of 
the more recent Kimberley style (see Crawford 1 977), 
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the position of the main art panels being indicated in 
Figures 5.2 and 5.3. The art covers the rear walls and roofs 
of the shelters . As the shelters are extremely low-roofed, 
many of the motifs depicted can only be seen by lying 
on one' s  back on the deposit. The paintings include 
contact motifs such as boats with sails (Fig. 5 .4), which, 
together with European materials l ike glass, porcelain 
and metal on the surface of the deposits, show that use 
of the sites continued into the European period. This 
contrasts with the investigated shelters on Koolan and 
High Cliffy Islands, where no European materials were 
present. 
From the excavation of the Koolan shelters I had 
learnt that two sites in close proximity to each other, and 
of superficially similar appearance, do not necessarily 
have similar depths of deposit or the same stratigraphic 
sequence. For this reason two sites only 20 m from each 
other were excavated. It was also thought that this  strategy 
would produce larger cultural assemblages and perhaps 
indicate the degree to which variation in artefacts or 
faunal suites might be put down to site specialisation. 
WIDGINGARRI SHELTER 1 
Description 
Widgingarri Shelter 1 faces 70° east north east. The 
opening of the shelter is low ( <2 m) and the roof declines 
slightly towards the rear wal l ,  making movement in an 
upright position difficult in most areas. The depth of 
WIDGINGARRI S H E LTE R 1 
r r 
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metres 
the overhang and the low declination of the roof act to 
protect the deposit from the elements. The shelter is 9 m 
deep and a maximum of 1 4  m wide (Fig. 5 .2) .  
The surface deposit was loose, sandy, dark brown 
(Munsell 7 .5YR 3/2) and rich in organic material . Shell ,  
wood, bone and stone artefacts were clearly visible on 
the surface. These included two basal grindstones, whose 
location is shown on Figure 5 .2 .  One of them contained 
the edge-ground hatchet illustrated in Figure 5 . 1 5  (upper 
left) . 
Excavation 
An area of 5 m2 was excavated to a maximum depth of 
1 1 2 cm (Fig. 5 .5) .  Excavation was discontinued without 
reaching bedrock due to the quantity and size of roof 
fal l .  The final spit removed in Square B (Spit 20) at a 
depth of ea. 1 05- 1 1 0  cm was cultural ly steri le. 
Stratigraphy 
Fine sandy sediments occurred throughout the deposit. 
They were looser in the upper levels of the site, which 
had a h igher organic  content ,  and became more 
consolidated with the l oss of organic material at between 
30-40 cm below the surface . Roof fall increased in 
quantity at this depth (Fig. 5 .5 ) .  At the surface pH was 
8 .5 ,  but at Spit 4, 20 cm below, it had dropped to 7.5 and 
remained at this level to the base of the excavation. 
The sediments varied in colour down the profile (Fig . 
5 .5) ,  largely in response to their organic content. Thus 
the top sediments, numbered 1 on the figure, were dark 
brown in colour (Munsell 7 .5YR 3/2), being organic rich, 
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Figure 5.2 Widgingarri Shelter 1 :  plan and sections of the site, showing the location of the excavation. 
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WIDGINGARRI  SHELTER 2 
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Widgingarri Shelters 1 and 2 
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Figure 5.3 Widgingarri Shelter 2: plan and sections of the site, showing the location of the excavation . 
Figure 5.4 Widgingarri Shelter 2 painting of a barramundi superimposed on one of a three-sai led ship. 
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and the level with the highest shell content, numbered 3 ,  
was also a rich dark brown, with the same Munsell coding. 
Between them, the sediments numbered 2 were some­
what lighter in colour, being a dark reddish-grey (Munsell 
5YR 4/2),  while beneath number 3, in levels where 
organic content was diminishing with depth, the compact 
sediments numbered 4 were dark reddish-brown in colour, 
changing from Munsell 5YR 3/2 to 5YR 3/4. 
The organic remains in the above sediments consisted 
of shell, bone, charcoal and botanical remains, but distribut­
ions were affected by variable conditions for preservation 
(see later section on ' Factors Affecting the Preservation 
of Organic Material ' ) .  Thus seeds and other botanical 
remains were confined to the top four spits and charcoal 
was only found in any quantity above Spit 6 (Table 5 . 1 ) . 
Spit 4a of Square B (Table 5 . 1 ) was a small hearth feature 
which consisted almost entirely of charcoal with a small 
quantity of burnt shell and bone. It did not extend into any 
of the excavation sections and therefore does not appear 
on Figure 5 .5 .  
Shell was most concentrated between Spits 4 and 6, 
in places forming a dense layer at an average depth of 
20-30 cm below the surface in Square B .  Below Spit 7 
in Square B ,  at an average depth of 34 cm below the 
surface, shell decreased dramatically in quantity and was 
found in negligible amounts down to Spit 14 ,  at a depth 
of about 60-66 cm below the surface (Table 5 .2) .  Bone 
occurred throughout the sequence but decreased in the 
lower spits of the Lower Horizon in all squares except 
AA, where it appears to have been better preserved due 
to being encased in CaC03 (Appendix 5 ) .  
The sediments numbered 5 on  Figure 5 .5 were lighter 
in colour, predominantly yellowish-red (Munsell 5YR 
Spit Shelter 1 
A B c 
1 0.62 41 4.44 524.90 
2 0.64 1 20.86 220.57 
3 35.83 1 47.64 77.67 
4 42 .08 1 82.33 1 00.23 
4a NA 1 62.63 NA 
5 *7.01 6.65 
6 - 4. 1 9  0.89 
7 - 0.54 0 . 1 1 
8 - -
9 - 0.75 
1 0  - -
1 1  - -
1 2  - -
1 3  - -
1 4  - - -
1 5  -
1 6  -
1 7  
1 8  - 0. 1 2  
1 9  -
20 -
4/6) , but changing in places to reddish-grey (5YR 5/2) 
or l ight reddish-brown (5YR 4/2). They contained little 
organic material except bone. Charcoal was sparse (Table 
5 . 1 ) . There were two pieces of shell , found encased in 
precipitated CaC03 in Square AA: one from Spit 15 of 
pearl shell (Pinctada sp.) ,  the other from Spit 17 of baler 
shell (Melo amphora) . These were valued shells in 
ethnographic times and widely traded, so their presence 
may not s ignify dietary items. 
The division between units 4 and 5 of the sediments 
described above was the base of deposits containing shell­
fish remains of a dietary character (Table 5 .2) .  In Square 
B the lowest spit containing such shellfish remains was 
Spit 1 4 , the bottom of the dark reddish-brown unit 
(Munsell 5YR 3/2-3/4) numbered 4 on Figure 5 .5.  Immed­
iately beneath it the sediment colour changed to the 
l ighter yellowish-red of unit 5 (Munsell 5YR 4/6).  In 
Square C the same colour change took place in Spit 14, 
about 6 cm below the lowest occurrence of shellfish, in 
Spit 1 2 . As a result, the levels containing shellfish came 
to be known as the Shell Horizon, while those below were 
called the Lower Horizon. 
Shellfish were not analysed for Squares A, D and 
AA, so the division between the two horizons is less 
easily specified in terms of spits, while the presence of 
CaC03 in Square AA made the division more difficult 
to detect there. Assuming that there is a correlation with 
depth across the squares,  the boundary between the two 
horizons would occur in Square A at the base of Spit 1 4  
and i n  Square D at the base of Spit 1 3 , cutting across 
Spits 1 3  and 1 4  in Square AA. Information about the 
spits that make up the two horizons in each of the 
excavated squares is set out in Table 5 . 3 .  
Shelter 2 
D AA B c 
534.31 358.00 89. 1 2  1 67.98 
353.09 1 27.49 48.64 54.80 
1 1 6.40 49. 1 4  25.32 27.22 
41 .05 1 1 .33 1 3.86 8.64 
NA NA NA NA 
21 . 1 2  1 .30 5.44 5 .05 
0.41 1 .22 0.24 5.49 
0.24 2 .55 
0 .28 - 2.20 
0. 1 3  0 .43 - -
- - -
- - -
- 0.49 -
- -
0.24 0.23 - -
- 0.09 -
0.47 -
*0.93 -
- -
- -
Table 5.1 Widgingarri Shelters 1 and 2: charcoal weights (g) by square and spit. * indicates that the sample has been dated and - that 
there was no charcoal. A blank cel l means that excavat ion did not extend to that depth in that square. NA means that the spit 
was not present in that square. 
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Spit Widgingarri Shelter 1 Widgingarri Shelter 2 The same variation in the colour of 
the sediments was present at Shelter 2 
as at Shelter 1 (Fig. 5 .5 )  and for the 
same reason; differences in organic 
content. As at Shelter 1 ,  the surf ace 
sediments, numbered 1 on the figure, 
and the levels with the densest shell, 
numbered 3 and 4A, contrasted with 
the units numbered 2 and 4. 
Square B Square C 
Total weight Adjusted weight 
1 631 .81 1 31 4. 1 6  
2 543.60 864.32 
3 660.43 1 208.59 
4 726.46 21 35.79 
4a 1 89.26 1 89.26 
5 1 901 .26 4486.97 
6 1 1 78. 1 3  21 55.98 
7 442.39 1 1 28.09 
8 9. 1 1  22.68 
9 0.61 
1 0  0.20 
1 1  0. 1 4  
1 2  0.03 
1 3  
1 4  0. 1 7  
Total weight 
378.65 
377.45 
670. 52 
633.76 
NA 
671 .79 
1 1 07.95 
2391 .76 
220.96 
21 .70 
7.40 
Adjusted weight 
530. 1 1  
377.45 
1 341 .04 
842.90 
NA 
1 1 42.04 
2005.39 
2808. 1 5  
251 .89 
30.38 
Charcoal was not as abundant as 
in Shelter 1 ,  but again best represented 
in the upper spits (Table 5 . 1 ) . Seeds 
were confined to the top two spits (see 
later section on 'Plant Material ' ) .  Bone 
was pre s ent throughout the Shel l  
Horizon but  was most  abundant in 
Square C (Appendix 5 .3) .  In Square C 
Table 5.2 Widgingarri Shelter 1 ,  Square B and Shelter 2, Square C: shell weights (g) by shell was concentrated in a lens in Spit 
spit. 7 (Table 5 .2), some 29-35 cm below 
A 8 
Square 
c D AA 
the surface in unit 4A (Fig. 5 .5) ,  and 
decreased rapidly below this .  The lowest shellfish 
recovered in Square C was from Spit 10 at a depth of 
Shel l  Horizon 1 - 1 4  1 - 1 4  1 -1 2  1 -1 3  1 - 1 3/1 4 45-50 c m  (Table 5 .2) .  I n  Square B a  few fragments of 
Lower Horizon 1 5-1 8 1 5-20 1 3- 1 6 14- 1 5 1 4/1 5-1 9  dietary shellfish were found i n  Spit 1 1  at a maximum 
depth of 55 cm. 
Table 5.3 Widgingarri Shelter 1 :  grouping of spits into horizons by 
square. 
WIDGINGARRI SHELTER 2 
Description 
Like Shelter I located 20 m to its south, Shelter 2 is low­
roofed and well protected, with a spectacular spread of 
painted motifs across the underside of the roof (Fig. 5 .3 ) .  
The shelter is 18  m long, 8 m deep and 1 .5 m high at max­
imum above the present surface of the deposit (Fig. 5 .3) .  
In places the roof is so low that the floor space could 
only be utilised in a s itting position. The surface of the 
deposit is similar to that of Shelter 1 .  Charcoal and leaf 
litter, shell ,  stone and glass artefacts and some of wood, 
such as a fragment of a spearthrower, were v isible on 
the surface (Fig. 5 .6). 
Excavation 
Excavation at this shelter was l imited to two adjacent 
1 x 1 m squares, labeled Squares B and C, as it was 
thought that this would be sufficient to test whether or 
not the sequence of Shelter 1 was replicated. Excavation 
was discontinued when bedrock was reached at depths 
of 1 00- 1 08 cm below the surface (Fig. 5 .5) .  
Stratigraphy 
Sediments were loose, sandy and rich in organic material 
to a depth of 30-35 cm, becoming redder in colour and more 
consolidated from Spit 4 in both squares, at about 20 cm. 
A dramatic increase in roof fall was recorded as begin­
ning at about Spit 8 ,  between 35-4 1 cm, and continuing 
to the base of the excavation (Fig. 5 .5) .  pH was similar 
to that at Shelter 1 ,  with readings of 8 .5 at the surface, 
7 .5  at a depth of 20 cm and 7 .0 below Spit 8 (35-4 1 cm). 
B eneath the depos its described above, the more 
compact sediments numbered 5 on Figure 5 .5 ,  beginning 
in Square C with Spit 1 4, were yellowish-red in colour, 
as in the lower levels of Shelter 1 .  Charcoal (Table 5 . 1 )  
as well as shell was absent and while there was some bone, 
it was less well preserved than in the Lower Horizon of 
Shelter 1 .  Bone was entirely absent from the five lower 
spits of Square B and was found in minimal quantities 
in the five lower spits of Square C. Towards the base of 
the deposit in Square C it was soft and crumbled when 
removed from the sediment matrix. 
There is no correspondence between colour change 
in the sediments and the appearance of shellfish as there 
was as Shelter 1 .  In Square C the change from unit 4 to 
unit 5 of the stratigraphy does not occur until the top of 
Spit 14 (Fig. 5 .5) ,  approximately 1 5-20 cm below the 
lowest shellfish (Spit 1 0, 45-50 cm depth) .  In Square B 
the lowest shellfish were found in Spit 1 1 , which is well 
within unit 4 of the stratigraphy. Unit 5 of the strati­
graphy begins in Spit 1 6  but was only evident in the 
western section of the square (Fig. 5 .5) .  
This situation may reflect postdepositional changes 
which have occurred to the sediments independent of 
their age or the cultural material they contain. Altern­
atively, it could be due to poor conditions of preservation 
removing the evidence of shellfish in the lower spits of 
unit 4 at Shelter 2. Shell weights fall off rapidly below 
Spit 7 in Square C (Table 5 .2) and in the levels in question, 
Spits 8- 1 0, the shell that was present was extremely 
weathered and friable. If preservation is indeed a critical 
factor here, the original boundary between an upper 
horizon with shellfish and a lower one without may have 
lain, not where the first shell appears in Squares B and 
C, but some spits lower, possibly at the unit 4/unit 5 
stratigraphic interface, as at Shelter 1 (Fig. 5 .5) .  This is 
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Figure 5.6 Widgingarri Shelter 2: view over the excavation to the west wall of Square B. 
Subunit Square B Square C 
Upper Shell Horizon A 1 -5 1 -4 
B 6-9 5-8 
Lower Shell Horizon 1 0-1 1 9- 1 0  
Lower Horizon 1 2-1 9 1 1 - 1 9 
Table 5.4 Widgingarri Shelter 2: grouping of spits into horizons by 
square. 
thought unlikely for reasons discussed below, in the 
section deal ing with interpretation of dates, stratigraphy 
and cultural horizons. As at Shelter 1 ,  spits are therefore 
allocated to horizons on the basis of the presence of 
dietary shellfish (Tables 5.2 and 5 .4). 
FACTORS AFFECTING THE PRESERVATION 
OF ORGANIC MATERIAL 
Compared with other shelters in sub-tropical/tropical 
northern Australia, the Widgingarri shelters have excel­
lent preservation of organic materials. This is particularly 
the case for bone, as at most northern sites bone is not 
preserved beneath the midden/shell horizons and its 
distribution is often confined to the mid- to late Holocene 
(e .g. Flood 1970:36). Shell was generally better preserved 
at Shelter 2 than at Shelter 1 ,  though, as we have seen, a 
rapid decline is recorded here (Table 5 .2) that may have 
been due to its decay and disappearance. Little charcoal 
is preserved below Spit 5 in both shelters and even less 
below the Shell Horizons (Table 5 . 1 ) . This is likely to be 
due to breakdown and oxidation as at Koolan Shelter 2 
and probably for the same reasons. The fact that seeds 
are confined to the upper deposit, the top four spits of 
Shelter 1 and top two spits of Shelter 2, is  also believed 
to be due to them not being preserved below this .  
Shelter 1 
Shelter 1 ,  where excavation was more extensive, shows 
a profile of markedly increasing decay horizontal ly from 
back to front of the shelter and vertically from top to 
bottom. Charcoal occurs in abundance in Squares C and 
D, which are furthest from the dripline, and least in 
Square A towards the front of the shelter. Charcoal in 
any quantity only occurs above Spit 5 (Table 5 . 1 ) . The 
preservation of charcoal at greater depth in Square AA 
is the exception . The basal spits in this square contained 
large quantities of CaC03 which had cemented both 
sediments and cultural material, thus prov iding more 
favourable conditions for preservation. 
The decay profile is also reflected in the condition of 
the bone . Bone from Shelter 1 is most poorly preserved 
in basal spits from squares near the front of the shelter 
and preservation is best in basal spits of Square AA where 
bone was cemented in a matrix of CaC03• Bone in the 
basal spits of Square AA that did not have a carbonate 
coating consisted largely of small calcined fragments. 
For some reason, calcined bone appears to have better 
preservation potential than unbumt or l ightly burnt bone. 
Shell in Shelter 1 i s  extremely poorly preserved. The 
lowest spit preserving more than 1 g of shell is Spit 8 in 
Square B at ea. 34-40 cm (Table 5 .2) .  While it is possible 
that the midden began to form later in Shelter 1 than 2, 
the alternative explanation that shell i s  simply not 
preserved in the lower levels is thought to be more likely. 
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The tiny fragments of shel l  in Square B ,  Spits 8- 1 4  
(Table 5 .2) are white and chalky. Even i n  Spit 7 of 
Square B the shell lacks colour and patterning, whereas 
shell in Shelter 2 at this depth still has clear pattern­
ing, though significantly older. The fragments of non­
dietary shel lfish preserved in the Lower H orizon of 
Square AA were encased in CaC03• Like the bone and 
charcoal from the lower spits in Square AA, the carbonate 
is believed to be responsible for their survival .  
Shelter 2 
No calcium carbonate occurred here. Charcoal was poorly 
preserved, the deepest occurrence being in Spit 1 2  of 
Square B (Table 5 . 1 ) . B one was also less well preserved 
than in Shelter 1 .  
Shell ,  however, appears to be better preserved at 
Shelter 2 where sufficient quantities for conventional radio­
carbon dating were available down to Spit 1 0  at 45-50 cm 
(Square C) and were used for the sample Wk 1 1 0 1  (Tables 
5.2 and 5 .5) .  However, even here a marked vertical decay 
profile was evident (Table 5 .2) .  Shell was most densely 
concentrated in Square C in Spit 7 (29-35 cm) but 
dropped off rapidly below this .  From Spit 7 to Spit 8 
shellfish weights fell by 1 00%, from 2300 g to 220 g 
and they fell further again to 2 1  g in Spit 9 and 7.4 g in 
Spit 1 0  (Table 5 .2) .  Square B shows the same pattern of 
drop off and the lowest dietary shellfish were recovered 
from Spit 1 1  at a maximum depth of 55 cm. 
D iscussion 
The source of the CaC03 in Shelter 1 is undetermined, 
but i t  probably results from the breakdown and dissolu­
tion of shell in the upper spits and its movement by water, 
and subsequent precipitation, in the lower spits . Its 
confined distribution is thought to be due to the fact that 
water flowing across the front of the shelter intersects 
Square AA, while other excavated areas are subject to 
seasonal saturation and drying. The fact that the carbon­
ate encrusted material is most abundant in the south east 
part of Square AA prov ides support for thi s  inter­
pretation. The fact that the shell was not being broken 
down by water action in Shelter 2 would also explain 
why it is preserved lower in the profile. Concomitantly,  
bone in the Lower Horizon of Shelter 2 ,  lacking the 
Laboratory number Spit Square 
Shelter 1 
Wk 1 1 00 5 B 
Wk 1490 7 AA 
ANU/AMS 5-1 0 1 5  AA 
R 1 1 720 1 7  AA 
R1 1 795 1 7  AA 
ANU-5761 1 8  AA 
ANU-7762 1 9  AA 
Shelter 2 
Wk 1 397 4 c 
Wk 1 398 8 c 
Wk 1 1 01 1 0  c 
Table 5.5 Widgingarri Shelters 1 and 2: radiocarbon dates. 
preservational qualities of a carbonate coating, would 
decay more rapidly. 
DATING 
Dates 
Both shelters were used into the European contact period, 
given the presence of metal and glass artefacts on the 
surface and in the top of the deposits. 
The selection of samples for the radiocarbon dating 
of the pre-European occupation was subject to the factors 
of organic preservation discussed in the last section. The 
results obtained are set out in Table 5 .5 (cf. Appendix 1 ) . 
The Shell  Horizon at Shelter 2 had she l lfi sh in 
sufficient quantities for conventional dating down to a 
lower depth than Shelter 1 ,  45-50 cm (Spit 1 0) as against 
30-34 cm (Spit 7) .  Three samples were submitted for 
dating from Square C.  
The sample from Spit 10 was three spits and about 
1 5  cm above the boundary between units 4 and 5 of the 
deposit. It gave a date of 7780±390 bp (Wk 1 1 0 1 ) . 
A date of 4970±60 bp (Wk 1398) for Spit 8 (35 .5-4 1 cm) 
was in unexpected disagreement with one of 1 700±90 bp 
(Wk 1490) on shell from Spit 7 (30-34 cm depth) of 
Square AA of Shelter 1 ,  since the stratigraphy of the 
two sites suggested that two samples from such similar 
depths would have been more similar in age . 
This discrepancy in age between similar levels at the 
two sites was repeated by the shell date of 1 5 1 0±50 bp 
(Wk 1 397) for Spit 4 of Square C at Shelter 2 and the 
charcoal date of 3 20±55 bp (Wk 1 1 00) for Spit 5 of 
Square B at Shelter 1 .  
Obviously there was much more rapid deposition of 
material over the last 1 500 years at Shelter 1 than at 
Shelter 2 and it may be that the Shell Horizon at the 
former began later than at the latter. 
There was a dearth of organic material other than 
bone below the Shell Horizon at Shelter 2, so dating of 
the Lower Horizon was pursued at Shelter 1 and two 
dates obtained on shell .  
A smal l piece (0.77 g) of pearl shell  (Pinctada sp.) 
from Spit 15 of Square AA, encased in CaC03 at a depth 
Depth below Sample Age (years bp) 
surface (cm) material 
1 9-22 charcoal 320±55 
30-34 marine shell 1 700±90 
-75 marine shel l 1 8,900±1 800 
80-89 charcoal modern 
80-89 marine shell 28,060±600 
89- 101 bone 1 1 ,91 0±500 
1 01 - 1 1 2  bone 9080±600 
1 5-20 marine shell 1 51 0±50 
35.5-41 marine shell 4970±60 
45-50 marine shell 7780±390 
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of around 75 cm below the surface, was submitted for 
accelerator dating and gave an age of 1 8 ,900± 1 800 bp 
(ANU/AMS 5-1 0) .  The large standard deviation is due 
to the fact that this was one of the first samples run at 
The Australian National University facility when it was 
being calibrated (J. Head pers . comm.) .  
A piece of  baler shell (Melo sp. ) ,  2 .9 g in weight, 
encased in CaC03 in Spit 1 7  of Square AA, was dated to 
28,060±600 bp by accelerator at the New Zealand Institute 
of Nuclear Sciences (Rl  1 795) .  
An inconsistent date of ' modem' was obtained from 
what appeared to be charcoal recovered from carbonate 
in the same square and spit as the baler shel l .  It seems 
unlikely that such recent material had been displaced 
downwards.  A possible explanation is that the sample 
was not charcoal , but consisted of modem humic acids 
that had precipitated around small particles of CaC03 
(J. Head pers . comm.) .  
Bone from close to the base of the excavation gave 
no more satisfactory results than at Koolan, returning 
ages 1 0,000 years younger than shell dates higher up 
the deposit. The dates in question are ANU-576 1 and 
ANU-7762 (Table 5 .5) .  
Interpretation of the dates, stratigraphy and 
cultural horizons 
There are two possible ways to proceed in comparing 
the dates for the two shelters . The first is to talce the 
initial appearance of shell at Shelter 2 as the beginning 
of the Shell Horizon. The second is to assume that the 
earliest shells deposited in Shelter 2 have disappeared 
through decay and that a more re l iable bas i s  for 
comparison with Shelter 1 is the boundary between units 
4 and 5 of the stratigraphy, where the Shell Horizon at 
Shelter 1 is argued to begin. 
To proceed with the first alternative, at Shelter 2 the 
first shell appears, in the form of food species, in Spit 1 1  
of Square B and Spit 1 0  of Square C,  where it was dated 
at 7780±390 bp. At Shelter 1 there were tiny fragments 
from food shells down to Spit 1 4  in Square B, but as 
they were small and not recovered in situ they were not 
regarded as reliable for dating. 
If the shell fragments in Spit 1 4  of Shelter 1 were in 
situ and the date of 7780±390 bp could be attached to 
them by analogy with Shelter 2, the beginning of the 
Shell Horizon which they mark would be separated by 
thousands of years from the end of the Lower Horizon, 
dated at Shelter 1 to 1 8 ,900± 1 800 bp only a spit below 
(Spit 1 5 ) .  This interpretation fits well with the strati­
graphic boundary between units 4 and 5 in Square B, where 
Spit 1 4  forms the bottom spit in unit 4 and Spit 1 5  the 
top spit in unit 5 (Fig. 5 .5) .  This represents a hiatus in 
occupation of approximately 1 1 ,000 years, a few thousand 
years less than the hiatus at Koolan, and provides some 
justification for using the date for the end of the Lower 
Horizon in Shelter 1 ,  1 8 ,900 bp, also for the end of the 
Lower Horizon in Shelter 2, as is done in Table 5 .6 .  
The alternative scenario, that the boundary between 
units 4 and 5 is contemporary at the two shelters, merely 
recalibrates the occupational hiatus, but less precisely. 
Shelter 1 Shelter 2 
Spit Date Spit Date 
1 modern 1 modern 
2 2 
3 3 
4 4 1 51 0  
5 320 5 
6 6 
7 1 700 7 
8 8 4970 
9 9 
1 0  1 0  7780 
1 1  1 1  18,900 
1 2  1 2  
1 3  1 3  
1 4  7780 1 4  
1 5  1 8,900 1 5  
1 6  1 6  28,060 
1 7  28,060 1 7  
1 8  1 8  
1 9  1 9  
Table 5.6 Widgingarri Shelters 1 and 2: proposed sequence based 
on radiocarbon dates. Bold text indicates transposed 
dates. 
The date of 1 8 ,900± 1 800 bp from Spit 1 5  at Shelter 1 is 
just below the boundary between units 4 and 5, while 
the date of 7780±390 bp for the lowest shell in Square C at 
Shelter 2 is three spits, or ea. 1 5  cm, above the stratigraphic 
boundary there. Furthermore, the date of 7780±390 bp 
fits well with projections for sea level approaching its 
present stand in this area. Even if the site was occupied 
in the Holocene prior to ea. 8000 bp, it would probably 
have been too distant from the coast to register the return 
of marine resources related to subsistence . For this 
reason I have opted for a division based on the appearance 
of dietary shell species at Shelter 2 rather than one based 
on sediment colour change. 
The transference of the Shell Horizon date of 7780 bp 
from Shelter 2 to Shelter 1 and of the Lower Horizon 
date of 1 8 ,900 bp from Shelter 1 to Shelter 2 has been 
criticised by Frankel ( 1 993:28)  for 'creating ' a chrono­
logical hiatus . However, the demonstration of a hiatus 
at the Widgingarri shelters by two different methods of 
comparing the sequences, together with the conclusion 
independently reached that a simi lar hiatus exists at 
Koolan Shelter 2, suggests that at Widgingarri it may 
not be an artefact of the analysis. 
By this argument, the two Widgingarri shelters would 
have had paral lel histories with each other and with 
Koolan Shelter 2 :  an early period of occupation when terr­
estrial resources were the focus but contact with the coast 
is indicated by the presence of some ' valued' marine 
shells, possibly mediated through more coastal ly located 
groups; a middle period of abandonment when the coast 
was remote; and a final period when the sea was suff­
iciently close for the sites to be bases for marine exploit­
ation. The major difference is  that the hiatus at the 
Widgingarri sites begins as conditions approach their 
most arid, approximately 5000 years later than at Koolan. 
This may in part be due to the large error term of the 
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date of 1 8,900± 1 800 bp (ANU/AMS 5- 1 0) for the top 
of the Lower Horizon at Widgingarri Shelter 1 .  There is 
also the question of the particular relationship of the 
Widgingarri sites to changing sea level . 
SEA LEVELS AND SITE OCCUPATION 
The waters between the mainland coast near Widgingarri 
and the Montgomery Islands are even today marked on 
navigation charts as ' unsurveyed waters ' ,  giving a hint 
of the remoteness and i solation of this  region of the 
Kimberley coast. The bathymetric map (Camden Sound 
1 :250,000 SD 5 1-1 5 Edition 1 )  places the -20 m contour at 
less than 1 km from the present coastline of Widgingarri 
Cove (Fig. 5 . 1 ) . At 28 ,000 bp, which marks the first dated 
occupation, sea level would have been 7 5 m lower and 
the coastline over 70 km west of the shelters (Chappell  
1 994) .  This distance increased unti l ,  at the height of 
glacial aridity approximately 17 ,OOO to 1 8,000 years ago, 
when the sea stood at - 1 30 m compared to the present, 
the coast would have been over 200 km away. Between 
1 8 ,000 and 1 9,000 years ago, when it is postulated that 
Pleistocene abandonment began, sea level would have 
been lower by about the same amount (- 1 20 m/- 1 30 m)  
and the distance to  the coastl ine nearly as  great. The 
marine shells that found their way into Shelter 1 deposits 
during thi s early occupation, baler shell at about 28,000 bp 
and pearl shell at about 1 9,000 bp, are better interpreted 
as having done so as prestige objects, as they were in ethno­
graphic times, not as food items.  
The date of 7780 years bp, which is the minimum 
age for the beginning of the Shell  Horizon at Widgingarri 
Shelter 2, marks the post-transgression re-use of the area. 
While bathymetric contours are not available for the 
immediate offshore profile in this region, it seems l ikely 
that the beginning of the Shell  Horizon marks the sea 's  
appearance within a few kilometres of  the current coast­
line near Widgingarri. 
SEDIMENT ANALYSIS 
The aims of sediment analysis at the Widgingarri shelters 
were similar to those at Koolan Shelter 2. The primary aim 
was to identify whether or not the sediments had the same 
source throughout the sequence and particularly whether 
there was any evidence for discontinuity, given the long 
break in occupation suggested by the radiocarbon dates, 
as at the Koolan site .  
Organic detenninations were undertaken on the bulk 
samples in order to characterise the composition of the 
sediments and to determine whether organics were being 
lost with depth and, if so, at what depth this was occurring, 
as wel l  as to assess the quantity of free CaC03 in the 
deposit (Figs 5 .7  and 5 .9) .  Following this,  a particle 
size analysis was carried out on the c lean samples (Figs 
5.8 and 5 . 1 0) .  
Shelter 1 
Sediment analysis was carried out on samples from most 
spits at Shelter 1 .  Spits 8, 1 0, 1 1 and 1 2  are missing from 
Figures 5 .7  and 5 .8  because samples were not col lected 
from them in the field. In v iew of the large number of 
samples analysed from different points of the sediment 
profile, these omissions are not thought to be significant. 
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Figure 5.7 Widgingarri Shelter 1 :  percentage composition by weight 
of bulk samples, by spit. 
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Figure 5.9 Widgingarri Shelter 2: percentage composition by weight 
of bulk samples, by spit. 
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Figure 5.8 Widgingarri Shelter 1 :  particle size distributions. 
The particle size analysis was able to show no differ­
ences between the sediments in the different units (Fig. 5 .8) .  
The results of the sediment composition analysis 
indicate that CaC03 levels are highest in the upper part 
of the Shell Horizon, averaging 2.0%, and drop to less 
than 1 .0% below Spit 7 (Fig. 5 .7) .  It should be noted, 
however, that carbonate levels vary horizontally between 
excavation squares.  Most of the bulk sediment samples 
on which the determinations were carried out came from 
Square B. A bulk sediment sample taken from Spit 1 4  of 
Square AA, where the cultural material was visibly en­
crusted with carbonate, gave a carbonate reading of 1 1 .0%. 
The organic content is l ikewise highest in the Shell 
Horizon above Spit 7 ,  averaging 4.6% by weight of the 
sample, and drops to less than 1 .0% below Spit 7. Like­
wise, the proportions of loose rock to sediment remain 
fairly constant, with rocks making up less than 1 0% of 
the total volume above Spit 1 3 . Below this, rocks account 
for approximately 1 6% of the total volume. 
Shelter 2 
The sediment composition determinations at this site 
were undertaken on a smaller number of samples than at 
Shelter 1 .  The samples selected indicate that the pattern 
is very similar, though the resolution is too coarse to make 
any independent statements (Fig. 5 .9) . As at Shelter 1 ,  
the particle size analysis did not indicate any change in 
sediment source through time (Fig. 5 . 1 0) .  
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Figure 5.1 0 Widgingarri Shelter 2: particle size distributions. 
Conclusions 
On the basis of the bulk sediment and particle size analyses 
it was not possible to detect differences in the source of 
the sediments within the Widgingarri shelters or identify 
any breaks suggesting the removal of sediment. 
DEPTH/AGE CURVE 
In the c irc umstances of the dating it was thought 
unrealistic to attempt a depth/age curve for either shelter. 
DIVISION OF THE DEPOSITS 
FOR ANALYSIS 
As at Koolan Shelter 2, the deposits at the two Widgingarri 
sites fall into two divisions, a Shell Horizon and a Lower 
Horizon . The available radiocarbon dates are interpreted 
as showing the former to be Holocene and the latter 
Pleistocene in age, with a substantial hiatus in occu­
pation between them. However, as the lower unit is only 
firmly dated to the Pleistocene in Shelter 1, for consistency 
this unit is referred to as the Lower Horizon in both shelters. 
With the exception of the stone artefacts, which were 
only quantitatively examined for Shelter 2, and the faunal 
remains from the same site, which were grouped into 
the same analytical units as the stone, the cultural mat­
erials at both shelters are described by spit. As a result, 
in order to understand their chronological placement, it  
i s  necessary to know which spits belong to which 
horizons. This is shown in Tables 5.3 and 5 .4. 
The division must remain tentative for Squares A, D 
and AA of Shelter 1 (Table 5 .3) ,  as the analysis on which 
the division was based was only carried out for Squares 
B and C. 
As regards Shelter 2 ,  there was the possibil ity of an 
alternative al location of spits to the two horizons 
depending on the specification of the base of the Shell 
Horizon according to the first appearance of shell or to 
the division between stratigraphic units 4 and 5 .  
I n  the event i t  was the first o f  these alternatives that 
was adopted (Table 5 .4).  This was because it seemed 
preferable to operate on the basis of something that existed, 
i .e .  the appearance of shell, rather than of something 
assumed, i .e .  its disappearance. Also the untidiness of 
fit between the spit divis ions and interface between 
stratigraphic units 4 and 5 in both squares would have 
produced very qualified results. As we shall see, the 
choice between the alternatives was not crucial for most, 
perhaps all ,  of the analysis. The stone artefact analysis 
concentrated on the upper part of the Shell Horizon. The 
distribution of the plant remains was restricted to these 
same levels and the same is true of much of the fauna. 
With the stone artefacts the division for analysis was 
made on the basis of perceived changes in the stone 
technology and raw material . This was because a main 
interest of the lithics was the introduction of point 
technology. This being so, quantitative assessment was 
only carried out for the stone artefacts from Shelter 2,  
where points occurred lower in the sequence and there 
was sufficient organic material to give a reliable date for 
their introduction. 
The l ithic material in Shelter 2 has been divided into 
three units, two of them forming part of the Shell Horizon: 
The Upper Shell Unit is the upper part of the Shell 
Horizon. It is defined on the basis of the presence of 
points and consists of Spits 1-9 in Square B and Spits 
1-8 in Square C. 
The Lower Shell Unit is the lower part of the Shell 
Horizon . It comprises Spits 10 and 1 1  in Square B and 
9 and 1 0  in Square C. 
The Lower Horizon includes all  the deposit below 
the Shell Horizon, that is, Spits 1 2- 1 9  in Square B and 
1 1 - 1 9  in Square C .  
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CHARACTER OF THE 
STONE INDUSTRY 
As might be predicted, there is far greater variety in raw 
material and implement manufacture in the Widgingarri 
collections than at Koolan Shelter 2. A total of 1 769 
stone artefacts was recovered from the 2 m2 excavation 
at Shelter 2 (Table 5 .7) .  This includes retouched/util ised 
pieces as well as cores and debris from the 6 mm fraction, 
but not the small flakes and fragments from the 3 mm 
sieve fraction. The difference in the totals between Table 
Spit Fine-grained Coarse-grained 
quartzite quartzite 
no. % no. % 
Square B 
Upper Shell Unit 
1 0 0.00 28 80.00 
2 0 0.00 39 90.70 
3 1 2.94 33 97.06 
4 0 0.00 1 9  76.00 
5 8 27.59 1 7  58.62 
6 1 0  50.00 3 1 5 .00 
7 5 1 6.67 22 73.33 
8 7 1 5.22 20 43.48 
9 6 1 5.00 2 1  52.50 
Lower Shell Unit 
1 0  1 7  47.22 1 1  30.56 
1 1  55 55.56 1 3  1 3. 1 3  
Lower Horizon 
1 2  1 48 70. 1 4  46 2 1 .80 
1 3  46 55.42 24 28.92 
1 4  1 5  71 .43 2 9.52 
1 5  1 7  60.72 2 7. 1 4  
1 6  1 2  57. 1 5  6 28.57 
1 7  9 81 .82 0 0.00 
1 8  25 73.53 4 1 1 .77 
1 9  5 41 .67 4 33.33 
Square C 
Upper Shell Unit 
1 7 1 2.96 30 55.56 
2 3 6.82 41 93. 1 8  
3 0 0.00 8 88.89 
4 0 0.00 9 1 00.00 
5 6 1 7. 1 4  24 68.57 
6 7 1 5 .55 30 66.67 
7 30 38.46 40 51 .28 
8 8 28.57 1 0  35.72 
Lower Shell Unit 
9 9 33.33 4 1 4.81 
1 0  46 62. 1 6  1 4  1 8.92 
Lower Horizon 
1 1  1 67 72.93 33 1 4.41 
1 2  48 39.67 41 33.89 
1 3  23 48.93 1 8  38.30 
1 4  1 8  28. 1 2  33 51 .56 
1 5  7 41 . 1 8  5 29.41 
1 6  1 20.00 4 80.00 
1 7  2 22.22 6 66.67 
1 8  6 37.50 9 56.25 
1 9  0 0.00 0 0.00 
5 .7 and subsequent tables is due to the exclusion of 
pebbles with evidence of battering as, while modified, 
they did not fit into any artefact class. 
Following Dortch ( 1 977), the stone assemblages from 
Shelters 1 and 2 may be broadly divided into an early 
phase which is characterised by amorphous retouched 
and utilised flakes and a later phase where the predominant 
implement type is points. The retouched/uti lised flakes 
of the early phase do not decline in number or change 
morphologically but continue throughout, being joined 
by points in the Upper Shell Unit. As in the east Kimberley 
Volcanic Quartz Other Total 
no. 
no. % no. % no. % 
3 8.57 2 5.71 2 5.71 35 
1 2.32 2 4.65 1 2.33 43 
0 0.00 0 0.00 0 0.00 34 
4 1 6.00 2 8.00 0 0.00 25 
1 3.45 3 1 0.34 0 0.00 29 
0 0.00 6 30.00 1 5 .00 20 
1 3.33 2 6.67 0 0.00 30 
3 6.52 1 5  32.61 1 2. 1 7  46 
0 0.00 1 1  27.50 2 5.00 40 
0 0.00 8 22.22 0 0.00 36 
1 1 .01 27 27.27 3 3.03 99 
2 0.95 1 2  5.69 3 1 .42 21 1 
1 1 .20 9 1 0.84 3 3.61 83 
0 0.00 1 4.76 3 1 4.29 21 
3 1 0.71 4 1 4.29 2 7. 1 4  28 
1 4.76 1 4.76 1 4.76 2 1  
0 0.00 2 1 8. 1 8  0 0.00 1 1  
1 2.94 3 8.82 1 2.94 34 
0 0.00 3 25.00 0 0.00 1 2  
5 9.26 1 1 .85 1 1  20.37 54 
0 0.00 0 0.00 0 0.00 44 
1 1 1 . 1 1 0 0.00 0 0.00 9 
0 0.00 0 0.00 0 0.00 9 
2 5.72 3 8.57 0 0.00 35 
3 6.67 5 1 1 . 1 1  0 0.00 45 
2 2.57 6 7.69 0 0.00 78 
3 1 0.71 7 25.00 0 0.00 28 
2 7.41 1 1  40.74 1 3.70 27 
1 1 .35 1 0  1 3.51 3 4.06 74 
5 2. 1 8  1 5  6.55 9 3.93 229 
8 6.61 8 6.61 1 6  1 3.22 1 21 
1 2. 1 3  1 2. 1 3  4 8.51 47 
7 1 0.94 3 4.69 3 4.69 64 
0 0.00 0 0.00 5 29.41 1 7  
0 0.00 0 0.00 0 0.00 5 
0 0.00 0 0.00 1 1 1 . 1 1  9 
0 0.00 1 6 .25 0 0.00 1 6  
0 0.00 0 0.00 0 0.00 0 
Total no. of artefacts = 1 769 
Table 5.7 Widgingarri Shelter 2: numerical and percentage occurrence of different raw materials by stratigraphic unit and spit, 6mm sieve 
fraction only. 
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sites, most of the amorphous retouched/util ised flakes 
are extremely small (see Bradshaw 1 986: 1 92; Dortch 
1 977 :  1 2 1 ) . 
The scraper forms so ubiquitous in southern Australian 
assemblages, where they are synonymous with the 'core 
tool and scraper tradition ' ,  are absent from these Kim­
berley assemblages .  This point was discussed in the 
context of the Koolan Shelter 2 stone assemblages and 
has been noted as a general discordant feature of north­
ern assemblages by many workers (e.g. Allen and Barton 
n.d. :65 ,  75, 1 1 3 ;  Davidson 1 935b: l 59; Dortch 1 977: 1 2 1 ;  
McCarthy and Setzler 1 960:275) .  
The distribution of formal artefact types, points and 
a tula adze, is shown in Table 5 .8 .  
Table 5 .9 presents the proportion of  unmodified to 
retouched pieces for Shelter 2.  The category ' Retouched/ 
utilised' includes all debitage with evidence of modifi­
cation. No retouched/utilised fragments, such as the tips 
of points, were found in the 3 mm material . 
There is an increase in the proportion of retouched/ 
utilised material to unmodified debitage from the Lower 
Spit 
Widgingarri Shelter 1 
1 
2 
3 
4 
5 
Widgingarri Shelter 2 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
Points Tula slug 
1 9  
3 
4 
8 
2 
3 
2 
Horizon to the Shell Horizon, but little difference between 
the two Shell Units (Table 5 .9). 
The analysis of the materials discussed above was 
directed by a desire to elucidate the character and 
chronology of the point industry in the region as a 
contribution to the question of the appearance of point 
industries in Australia as a whole. 
Shelter 2: raw materials 
Changing proportions of raw materials have been 
instrumental in recent arguments relating to the appear­
ance of points in Amhem Land (Allen 1 987b:97 ; Jones 
and Johnson 1 985b:200-6). In the Lower Horizons of both 
Widgingarri sites the main raw material is a very fine­
grained quartzite, whereas following the introduction of 
points coarse-grained quartzite is dominant. The raw 
material described as very fine-grained quartzite was 
initially identified as chert, as some pieces have a highly 
vitreous cherty texture and no macroscopic grains are 
distinguishable. This identification was later changed to 
fine-grained quartzite ( identification by R .  Duncan,  
Other Ground Date (years bp) 
retouched/uti l ised 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 320±55 
2 4 
1 51 0±50 
1 
3 
4 
3 4970±60 
1 *  
2 7780±390 
7 
3 
2 
Table 5.8 Widgingarri Shelters 1 and 2: distribution of points, retouched/utilised artefacts and ground flakes by spit. * indicates Square C, 
pre-point Lower Shell Unit and NA that these artefacts were not analysed. 
Unmodified Retouched/utilised Ground Total no. 
no. % no. % no. % 
Upper Shell Unit 577 96.81 1 3  2. 1 8  6 1 .01 596 
Lower Shell Un it 230 97.46 5 2. 1 2  1 0.42 236 
Lower Horizon 91 3 98.38 1 1  1 . 1 9  4 0.43 928 
Table 5.9 Widgingarri Shelter 2 :  percentages of retouched/uti l ised artefacts and ground flakes in Squares B and C, excluding points and 
hammerstones, by stratigraphic unit. 
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Consultant Geologist). The coarse-grained quartzite that 
dominates the upper spits is markedly different. It has a 
different colour range and a coarse sugary texture . The 
change in raw material proportions is paralleled in the 
microdebitage from the 3 mm sieve fraction. 
Inspecting the raw material proportions in the two 
squares of Shelter 2 (Table 5 .7) ,  we can see that coarse­
grained quartzite dominates down to Spit 9 in Square B 
(with the exception of Spit 6) and Spit 8 in Square C.  
Below this the proportions are reversed and fine-grained 
quartzite becomes the dominant raw material.  It i s  
assumed that Spit 8 in Square C correlates with Spit 9 i n  
the adjoining Square B .  This is  supported b y  the change 
in artefact density. In Square C there is a dramatic increase 
in numbers of artefacts at Spit 1 1 , while in Square B this 
increase occurs in Spit 1 2. 
The change in raw material proportions coincides 
with the initial appearance of points in the assemblage. 
As these implements are made predominantly on coarse­
grained quartzite, this  correlation is archaeologically 
significant. In Shelter 2 the lowest point, a broken laterally 
retouched blade, was recovered from Spit 8 in Square C. 
This spit marks the reversal in raw material proportions 
(Table 5 .7) .  This is thought to be a more reliable indicator 
of change in technology than the stratigraphic position 
of the lowest point, firstly, because the small number of 
retouched points militates against their detection through 
sampling and, secondly, because of the problems of 
vertical movement in sandy deposits (see for example 
Allen 1 987b; Hughes and Lampert 1 977; Richardson 1 992; 
Stockton 1 973 ,  1 977) .  A similar increase in the use of 
quartzite coincident with the introduction of points occurs 
in other northern Australian assemblages (Allen and Barton 
n.d. : 39, 43; Jones and Johnson 1 985b:200-6; Kamminga 
and Allen 1 973 :96-7) .  
Shelter 2 :  debitage analysis 
Concomitant with the change in raw material and the 
appearance of the first point, a marked change in the 
nature and size of the debitage occurs. The following 
analysis was designed to examine whether or not these 
changes could be linked to the introduction of the new 
implement form. Alternatively, it could be that the changes 
related to changes in the function of the sites when they 
became coastally situated for the first time. H this was 
the case, the changes would be predicted to occur in the 
Lower Shell Unit. 
For the analysis the Upper Shell Unit, which is the 
zone containing points, was subdivided into two subunits : 
Subunit A, comprising Spits 1-5 in Square B and Spits 
1 -4 in Square C,  and Subunit B, comprising Spits 6-9 
in Square B and Spits 5-8 in Square C (Table 5 .4).  This 
was because evidence for pressure-flaking appeared to 
be confined to the uppermost spits and it was thought 
that this circumstance might be reflected in changes in 
debitage (see Table 5 . 1 0) .  
There is proportionately less debris in the levels con­
tain ing points, the Upper Shell Unit, than in the prepoint 
levels, the Lower Shell Unit and Lower Horizon, and 
there is  an overall decrease in the size of flakes (Tables 
5 . 1 0  and 5 . 1 1 ) . Subunit A, comprising the top spits of the 
Upper Shell Unit, also displays a proportionately higher 
number of transversely broken flakes to whole flakes 
than Subunit B, comprising the lower part (Table 5 . 1 0) .  
As would b e  expected, the upper spits also contain a 
correspondingly high number of flake fragments and 
proportionately fewer whole flakes. 
There is a large increase in debris in the lower levels 
and the Lower Horizon has almost twice as much as 
Subunit A of the Upper Shell Unit. The large proportion 
of debris in the lower units compared to Subunit A is 
interpreted as indicating that more generalised reduction 
went on prior to the introduction of points and that all 
stages of reduction were carried out at the site .  This 
interpretation is  supported by the proportionately higher 
numbers of cores in the prepoint levels (Table 5 . 1 0) .  The 
Upper Shell Unit has no evidence for a full reduction 
sequence; few cores were recovered and flake sizes are 
small ,  suggesting that final retouch of implements was 
the dominant stoneworking activity taking place. 
The increase in transverse broken flakes could be due 
to more intensive occupation in the upper levels leading to 
breakage from treadage, exacerbated by the generally 
smaller and thinner nature of the flakes there. Alterna­
tively, it could be due to pressure-flaking, which frequently 
produces transverse snap fractures of the small flakes as 
they come off the point (cf. Elkin 1 948 : 1 1 2) .  This would 
explain the fact that the main increase in transverse snap 
Upper Shell Unit Lower Shel l Unit Lower Horizon 
Subunit A Subunit B 
no. % no. % no. % no. % 
Flake 57 21 .03 95 31 .99 52 24.53 21 6 24.03 
Broken flake transverse 54 1 9.93 29 9.76 9 4.25 66 7.34 
Broken flake longitudinal 1 2  4.43 1 8  6.06 1 0  4.72 59 6.56 
Broken flake transverse/longitudinal 4 1 .48 2 0.67 0 0.00 9 1 .00 
Flake fragment 1 06 39. 1 1 72 24.24 71 33.49 204 22.69 
Bipolar flake 0 0.00 3 1 .0 1  7 3.30 0 0 .00 
Broken bipolar flake 0 0 .00 0 0.00 3 1 .42 5 0.56 
Debris 38 1 4.02 78 26.26 60 28.30 340 37.82 
Total debitage 271 297 2 1 2  899 
Cores 1 8 1 8  1 4  
Table 5.1 0 Widgingarri Shelter 2 :  numerical and percentage distribution of debitage and cores, Squares B and C combined, by stratigraphic 
unit. 
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fractures occurs in the top two spits of the Upper Shell 
Unit. Chi-square tests indicate that the variation in the 
debitage categories between Subunits A and B of the 
Upper Shell Unit is unlikely to be random (chi-square 
26.46, p=0.000 1 ) . In contrast, there is no significant 
difference between the proportions of these debitage 
classes in Subunit B of the Upper Shell Unit and the 
Lower Horizon (chi-square 4.46 1 ,  p=0. 1 07 5) .  The Lower 
Shell Unit is excluded from the comparison as the cell 
count for transverse broken flakes was too low. 
A decrease in flake s ize after the appearance of points 
has been noted by several re searchers in northern 
Australia. Allen and Barton (n.d. :37,  Table 1 2, 64) , for 
example, note that at Ngarradj Warde Djobkeng 70% of 
small flakes (defined as those under 8 mm2) occurred 
after 4000 bp, coinciding with the introduction of points . 
In contrast, the majority of flakes below the point horizon 
are larger than 8 mm2• 
Jones and Johnson ( 1 985b:203) also investigated 
changes in the s ize distribution of quartzite flakes 'to 
see whether or not the time of initiation of manufacture 
of tiny flakelets in the upper levels ' corresponded with 
the raw material changes and the first appearance of points. 
They did this by dividing them into different size classes, 
'v iz .  those placed flat which would fit into a 1 cm ·square; 
those fitting into a 2 cm square (i .e. of areas between 1 
and 4 cm2) and those larger than 4 cm2 ' ( 1 985b:203) .  For 
consistency I have used the same size classes. Table 5 . 1 1  
combines the material from the 3 mm and 6 mm sieve 
fractions from Square C.  It shows the percentage of fine­
and coarse-grained quartzite flakes within each of the 
three size categories and the total numbers . Spits have 
been combined to compensate for the small numbers of 
flakes .  It can be seen that the s ize distribution within the 
coarse- and fine-grained quartzite classes is consistent 
down to Spit 8, with between 90% and 1 00% of flakes 
falling in the < 1  cm2 size class. Below Spit 8 the proportion 
of flakes in the intermediate class ( 1 -4  cm2) increases 
dramatically and the first flakes make an appearance in 
the largest size class (>4 cm2) . This result replicates that 
obtained from the raw material analysis and supports 
the conclusion that points were introduced at Shelter 2 
in Spit 8 .  
In order to  test whether the decrease in flake size was 
statistically significant, all flakes were weighed individ­
ually within the raw material classes of coarse- and fine­
grained quartzite (Appendix 4) and Student ' s  t-test was 
run to compare the flake weights from the prepoint and 
point levels. Flakes of other raw materials were excluded 
as there were too few for meaningful comparison and 
there was no apparent change in proportions. Flakes with 
weights greater than 1 5  g (n=5) were also excluded as 
being outside the range of flake sizes which might be 
expected from artefact manufacturing activities. If any­
thing, the exclusion of these extreme values makes the 
prepoint and point levels appear more alike than they 
really are, by diminishing the differences in the means.  
The results of the t-test on the coarse-grained quartzite 
indicate that a statistically significant decrease in flake 
size does occur between the prepoint (Group 2) and point 
levels (Group 1 )  (Table 5 . 1 2) .  The difference in the fine­
grained quartzite is not significant at the 0.05 level , but 
the means and standard deviations suggest that the two 
populations are nonetheless different. 
Shelters 1 and 2: stone points 
Widgingarri Shelter 2 contained only e ight points, 
including broken tips and butts (Table 5 . 1 3) .  None of 
Spits < 1 cm2 % 1 - 4 cm2 % > 4cm2 % Total 
Fine-grained quartzite 
Upper Shell Unit 
1 - 2  1 9  1 00.00 0 0.00 0 0.00 1 9  
3 - 4  7 1 00.00 0 0.00 0 0.00 7 
5 - 6 28 1 00.00 0 0.00 0 0.00 28 
7 - 8 43 91 .49 4 8.51 0 0.00 47 
Lower Shell Unit 
9 - 1 0 25 71 .43 7 20.00 3 8.57 35 
Lower Horizon 
1 1  - 1 2  26 50.00 1 9  36.54 7 1 3.46 52 
1 3 - 1 4  2 1  70.00 7 23.33 2 6.67 30 
1 5 - 1 9  24 92.31 2 7.69 0 0.00 26 
Coarse-grained quartzite 
Upper Shell Unit 
1 - 2 61  1 00.00 0 0.00 0 0.00 61 
3 - 4  1 4  93.33 1 6.67 0 0.00 1 5  
5 - 6 44 93.62 3 6.38 0 0.00 47 
7 - 8  44 97.78 1 2.22 0 0.00 45 
Lower Shell Unit 
9 - 1 0  6 75.00 1 2.50 1 2.50 8 
Lower Horizon 
1 1  - 1 2 4 25.00 9 56.25 3 1 8.75 1 6  
1 3  - 1 4 1 2  50.00 5 20.83 7 29. 1 7  24 
1 5  - 1 9  8 80.00 2 20.00 0 0.00 1 0  
Table 5.1 1 Widgingarri Shelter 2, Square C: size distribution of quartzite flakes by stratigraphic unit and spit. 
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Coarse-grained quartzite flakes 
OF Unpaired t value Prob {2-tai l ) 
1 39 -2.953 0.0037 
Count Mean Standard deviation Standard error 
Group 1 77 0.396 0.61 2 0.07 
Group 2 64 1 .208 2.31 8 0.29 
Fine-grained q uartzite flakes 
OF Unpai red t value Prob (2-tai l) 
1 92 - 1 .923 0.0559 
Count Mean Standard deviation Standard error 
Group 1 26 0.223 0.403 0.079 
Group 2 1 68 1 .021 2. 1 05 0 . 1 62 
Table 5.1 2 Widgingarri Shelter 2: results of t-tests on flakes of coarse-grained and fine-grained quartzite in Squares B and C.  
Spit Part Position Type of Material Platform Overhang 
of retouch retouch removal 
W1-A-surface butt/middle left margin scalar coarse quartzite present present 
W1-A-1 butt/middle bifacial invasive chalcedony retouched 
W1-B-1 middle right/left margin invasive glass 
W1-C-1 /1 middle right margin scalar coarse quartzite 
W1-C-1 /2 complete left margin backing coarse quartzite present present 
W1-C-1 /3 complete left margin backing coarse quartzite present absent 
W1-D-1 /1 butt/middle bifacial invasive coarse quartzite present 
W1-D-1 /2 middle margin coarse quartzite 
W1 -D-1 /3 butt/middle left margin scalar fine quartzite present present 
W1-D-1 /4 middle right margin backing sediment absent 
W1-0-1/5 complete right/left margin scalar coarse quartzite present absent 
W1-D-1/6 complete right/left margin scalar coarse quartzite retouched present 
W1-D-1 /7 complete right/left margin step fine quartzite present absent 
W1-D-1 /8 complete right/left margin scalar fine quartzite present present 
W1 -D-1 /9 butt/middle right margin scalar coarse quartzite present absent 
W1-D-1 /1 0  tip/middle right margin backing coarse quartzite 
W1-D-1 /1 1 middle right margin backing fine quartzite absent 
W1-D-1 /1 2  complete right/left margin step fine quartzite present absent 
W1-AA-1 butt bifacial invasive coarse quartzite absent 
W1-0-2/1 tip right/left margin scalar fine quartzite 
W1-D-2/2 complete bifacial invasive coarse quartzite absent absent 
W1-AA-2 complete unifacial invasive fine quartzite absent 
W1-AA-3 tip left margin step coarse quartzite 
W1-AA-3/1 tip/middle right/left margin scalar coarse quartzite absent 
W1-AA-3/2 butt right/left margin scalar coarse quartzite present present 
W1 -AA-3/3 tip bifacial invasive fine quartzite 
W1-A-4/1 tip right/left margin scalar coarse quartzite 
W1-A-4/2 butt right margin scalar coarse quartzite present present 
W1-A-4/3 tip left margin scalar coarse quartzite 
W1-A-4/4 tip/middle right/left margin step fine quartzite 
W1-A-4/5 tip right margin step coarse quartzite 
W1-A-4/6 butt bifacial invasive fine quartzite retouched 
W1 -AA-4/1 butt right/left margin scaler fine quartzite 
W1-AA-4/2 butt/middle right margin scalar coarse quartzite present present 
W2-B-1 butt/m iddle bifacial invasive volcanic 
W2-B-5/1 tip left margin backing fine quartzite 
W2-B-5/2 complete left margin/butt backing fine quartzite retouched 
W2-B-7 complete right margin scalar coarse quartzite present present 
W2-C-7/1 complete right/left margin step coarse quartzite retouched present 
W2-C-7/2 complete right/left margin step, scaler fine quartzite present present 
W2-B-8 butt/middle right/left margin step, scaler coarse quartzite present present 
W2-C-8 tip right/left margin step coarse quartzite 
Table 5.13 Widgingarri Shelters 1 and 2: attributes recorded for points, intact and broken. - indicates that the attribute was not applicable or 
not able to be measured. Where more than one margin has been retouched, edge angle is given for the margin with the greatest 
amount of retouch or, where both are the same, for the right margin. 
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these could be conjoined. Widgingarri Shelter 1 con- McCarthy 1 957 :450), although others have restricted the 
tained 34 points or partial points and, as with Shelter 2,  term ' Leilira ' to rectilinear or parallel-sided blades dis tin-
these all appear to be from different implements (Table guished by their large size (Clarkson and David 1 995 :22-3; 
5 . 1 3 ) .  The points are made almost exclusively on quart- Jones and Johnson 1 985a:58-9; Meehan et al . 1 985 : 145) .  
zite, coarse-grained quartzite being the best represented Dortch ( 1 977: 1 1 7) refers to these implements as 'Levallois 
material. They comprise bifacial points, unifacial points points ' but includes unretouched triangular-shaped flakes 
and triangular shaped blades or flakes with laterally  and blades in  this category. Here I prefer the term ' laterally 
retouched margins. retouched points ' .  
This latter ' type ' falls into two groups.  I n  one group The different 'types ' of point will be dealt with initially 
the retouch along the margin(s) is steep and such points as independent classes. Following this, the attributes on 
have elsewhere been called ' backed points ' (e.g. Dortch which they have been defined will  be examined and 
1 977 :  1 1 6- 1 7) ,  as they are here. In the other group there compared in an attempt to determine whether they are 
is shallow scalar or step retouch along one or both lateral in fact intentional ' types'  or merely stages in a reduction 
margins (see Appendix 3, Glossary of Technological Terms).  continuum, as has been suggested by some researchers 
In the latter case the retouch is usually confined to the (Flenniken and White 1 985;  Hiscock 1 988a). Given the 
dorsal surface, but in a few examples the ventral surface small size of the total point population, it was not possible 
also has some flake scars. These implements have been to undertake statistical comparisons between the various 
called 'Leilira blades ' by some authors (e.g. Davidson and ' types ' within raw material classes.  
Platform Platform Platform Flake Flake Flake Retouch Retouch Retouch 
faceting length width length width thickness angle 1 angle 2 angle 3 
absent 21 .68 g,81 54° 
absent 
73° 
absent 1 6.38 6.ag 4g,05 20.04 7.56 82° 85° 87° 
absent 6.60 3.37 41 .67 1 0 .55 7. 1 4  88° g4° goo 
absent 1 0.88 4,g4 
absent 21 .66 7. 1 1  61 ° 63° 
80° 
present(2) 25.32 1 0.62 44.71 26.03 1 1 .23 70° 
30.62 1 5.24 5,g3 88° 80° 83° 
present(3) 1 8 . 1 7  1 1 .52 35.82 1 g.22 1 0.00 81 ° 64° 
absent 1 3.74 2 .67 57.05 1 g .65 4.87 5go 
absent 1 4.53 7 .1 9 43° 42° 
goo 
goo 
absent 1 8.25 5.36 2g,35 20.88 5.5g 85° 85° 
63° 
44.36 33.7g g.ao 
1 6.84 1 0.80 3.35 
82° 
68° 71 ° 
absent 1 1 .31 5 .38 50° 
72° 
absent 20.73 7.87 78° 
64° 
770 70° 
72° 
present(3) 1 0 .32 4.1 1 60° 62° 
88° 
38. 1 3  1 7.24 5.86 goo goo 98° 
absent 21 .83 8. 1 8  51 .32 26.31 1 0 .65 82° 70° 
30.22 1 1 .73 8.62 85° 82° 78° 
absent 23.4g 1 1 .22 6g,71 21 .35 8.32 85° 65° 67° 
absent 1 4.86 6.78 76° 82° 
88° 
Table 5.1 3  cont. 
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The attributes recorded for all points are spelled out 
in Table 5 . 1 3 .  This approach allows a descriptive appraisal 
and comparison of attributes. Attributes recorded include 
raw material, presence or absence of platform, platform 
facetting, overhang removal, length and width of the 
platform, length, width and thickness of the artefact and 
the angle of edge retouch. Dimensions are only given if 
the implement is unbroken in that plane. Where a platform 
has been removed through subsequent retouch, the 
measurement given is the maximum dimension. In this 
case width is measured at a point half way along the maxi­
mum dimension at a right angle to its axis .  Thickness is 
also measured at this  point. 
No attempt was made to arrive at functional interpre­
tations of individual artefacts as this would have required 
use-wear analysis which was outside the scope of the 
study. Implement function as inferred by others is ,  
however, discussed. 
Retouch types 
Witter (n.d.) describes three types of retouch which are 
relevant to the points discussed here. He sees these retouch 
types as stages in a reduction continuum. In the first stage, 
the retouch is low-angled scalar retouch. In the second 
stage the flake is retouched further, the edge becomes 
steeper and the resharpening flakes become step-terminated. 
The thickness of the flake remains constant,  but the 
surface area is  reduced. In conventional terms this  is the 
process of going from a low-angled edge-scraper to a 
steep-edge scraper, but Witter (n.d.) and others (Flenni­
ken and White 1 985;  Hiscock 1 982a, 1 982b) see the 
difference as being due to reduction rather than one of 
function. When the edge has reached 90°, resharpening 
becomes increasingly difficult and other methods must 
be resorted to. Witter (n.d.) bel ieves that in such cases 
the third type of retouch, backing using an anvil, may be 
employed to modify flakes (see Appendix 3, Glossary 
of Technological Terms).  
Laterally retouched points 
These are blades with one or both edges laterally retouched. 
They are by far the most common type of point found at 
the Widgingarri shelters, numbering 26 (62%) of the total 
42 points, eight (6 1 .5%) of the 1 3  complete points and 
1 8  (62%) of the 29 unbroken points, and are the only 
' type ' found in the lower spits (Spits 7 and 8) (Fig. 5 . 1 1 ,  
nos 1 ,  2 and 3 ;  Fig. 5 . 1 2) .  There are twice as many of 
these points made on coarse-grained quartzite (n= l 7) as 
® 
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Figure 5.1 1 Widgingarri Shelter 1 :  stone points (1 -3) and tula adze slug (4) . 1 = W1 -D- 1 /5; 2 = W1 -D-1/8; 3 = W1 -A-4/4; 4 = W1 -AA-5. 
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on fine-grained quartzite (n=8) .  In every case retouch is 
on the dorsal surface and ranges between scalar and step. 
Laterally retouched points have a mean length of 43 mm, 
a mean width of 20 mm and a mean thickness of 8 mm 
(Table 5 . 1 4) .  With so few examples it is hard to say any­
thing definitive, but the fine-grained quartzite points 
include the two longest and tend to have greater length 
to width ratios than the coarse-grained quartzite examples. 
Fine-grained quartzite points also appear to have a 
tendency towards smaller and narrower platforms.  There 
is very little difference in the proportions of points in 
coarse- and fine-grained quartzite in terms of platform 
attributes. Of the 1 1  coarse-grained quartzite points with 
intact platforms, two have evidence of platform facetting, 
while one of the five fine-grained quartzite points displays 
facetting. Again, seven of coarse-grained quartzite points 
have ev idence of overhang removal , while three of the 
fine-grained points display this  characteristic. The higher 
proportion of the former class may be due to the greater 
need to remove overhang during core reduction of coarser 
material in order to successfully remove flakes which 
are suitable for retouching into points. 
Bif acial points 
Bifacially worked points were recovered from both 
Widgingarri shelters (Figs 5 . 1 3 ,  no. 1 and 5 . 1 4, no. 1 ) . Of 
the seven bifacially worked pieces, only one was unbroken 
(Fig. 5 . 1 3 , no. 1 ) . This example is made on coarse-grained 
quartzite. Of the broken points, most are butts or butts and 
middle sections (n=5), the remaining one being a tip end. 
Of the bifacially worked implements , only one, from 
Shelter 2, Square B, Spit 1 (Fig. 5 . 1 4, no. 1 ) , has clearly 
been produced by pressure-flaking. None of the archaeo­
logical examples from the Widgingarri shelters approxi­
mates the leaf-shaped ' Kimberley ' points described and 
illustrated by Love ( 1 936:74, shown here as Fig. 5 . 1 5 ) for 
standardised shape, invasive, parallel, channel-like pressure­
flaking and edge serration, although examples of this type 
of point were located as surface finds in shelters and open 
exposures in the survey area (pers . obs . ) .  The majority 
of the bifacial points are similar to those recovered from 
shelter s ites in the Northern Territory such as Y arar, 
Ngarradj Warde Djobkeng and Jimeri I and II (Allen and 
Barton n.d. :57;  Flood 1 970; Schrire 1 982: 1 70, 200). 
In the Northern Territory shelters bifacial and unifacial 
points appear together sometime around 5000 bp (Allen 
and Barton n.d. :93-5) .  However, as will be discussed 
shortly, the exact timing of their introduction is a matter 
of some di spute . B ifac ial  points dominate in the 
assemblages dated between 5000 and 2000 bp in the 
western Amhem Land shelters (Allen and Barton n.d. : 
77-99), whereas all the bifacial points in the Widgingarri 
0 
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centimetres 
Figure 5.1 2 Widgingarri Shelter 2: stone points. 1 = W2-B-8; 2 = W2-C-7/1 ; 3 = W2-C-7/2; 4 = W2-B-7. 
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shelters are confined to the last 1 OOO years of the Shell 
Horizon (Spits 1-2 in Shelter 2 and Spits 1� in Shelter 1 ), 
although this may be merely a function of the small sample 
size. Interestingly, in Yarar shelter, which is 300 km west 
of the Arnhem Land shelters Ngarradj Warde Djobkeng 
and Jimeri I and II ,  unifacial points are dominant as they 
are in the Widgingarri shelters . 
Davidson ( 1 935b) noted that in northern Australia 
the pressure-flaked Kimberley biface appeared relatively 
late and was rapidly replacing points with retouched 
margins at the time of his investigation. Pressure-flaking 
was only just being adopted by the Wardaman with whom 
Davidson worked and he described their attempts as 
lacking expertise ( 1 935b: 1 70). He writes of the Katherine 
River-Victoria River area that: 
these (Kimberley) spearheads were in current use 
in 1 930 and did not show up archaeologica l ly 
although the Leleira blades in the process of being 
replaced were numerous in the rock shelter sites 
which were stil l  occupied. (Davidson and McCarthy 
1 957:450) 
Kimberley bifacial points do not occur archaeologically 
at Yarar Shelter and Flood ( 1 970:50) also bel ieves them 
to be a late import into the Northern Territory. On the 
basis of the limited evidence in the two Widgingarri 
shelters it seems possible that Kimberley points began 
to be made relatively late in the Kimberley region too. 
Unifacial (pirri) points 
Only one unifacial point was recovered from Shelter 1 ,  
in Square AA, Spit 2 .  Made on fine-grained quartzite, it 
is the smallest of the points and invasively flaked over 
the entire dorsal surface.  It also has a few flakes scars 
on the ventral surface near the tip (Fig. 5 . 1 3 , no. 2). Given 
the small size and shallowness of the flake scars, it is 
probable that the retouch was produced by pressure­
flaking. 
Backed points 
Backed points are defined on the basis of technological 
criteria as well as general morphology and retouch character­
istics .  The primary distinguishing feature is that they 
have been retouched using bipolar percussion. This has 
resulted in a steep edge-angle. Dortch ( 1 977: 1 1 6, 1 1 7 )  
identified 'backed' implements from the east Kimberley 
sites of Miriwun and Monsmont on the basis of angle of 
retouched edge. Like those from the east Kimberley, the 
backed points from the Widgingarri shelters are primarily 
unidirectionally retouched, although a few have 'double­
backing' across the butt (see Figs 5 . 1 3 , no. 3 and 5. 14, no. 3). 
The backing process was conducted by placing the 
artefact on an anvil and chipping away the unwanted mass 
by percussion to form a blunted edge. Flenniken and 
White ( 1 985 : 1 43) consider that double backing is not 
intentional but rather caused by the percussion of the anvil 
when the edge of the worked implement approached 90°. 
Some implements will have double backing along some 
of their length and a unifacial rounded edge along other 
parts. The authors argue that this was because the dorsal 
ridge in the centre of the preform prevented anvil contact 
from occurring, leaving the edge backed from one side 
and rounded on the other. 
The backed points from the 
Widgingarri shelters are small 
in size. Three unbroken points 
(Fig. 5 . 1 3 , nos 3 and 4 and Fig. 
5 . 14, no. 3) and four broken frag­
ments have been described as 
'backed ' .  As well as having been 
retouched using the bipolar 
technique, most of these arte­
facts have a distinctive morph­
ology. They have only one 
marg in  retouched and th i s  
margin i s  retouched back almost 
to the dorsal ridge. The butt on 
some of the backed pieces is  
also retouched. There is no evi­
dence that backed points are 
simply the discard stage of 
laterally retouched points. There 
is no indication that they are 
made on thicker flakes , as 
Witter (n .d . )  has suggested, 
and the fact that they have a 
distinctive morphology would 
also suggest otherwise. 
Points and raw material 
The numbers of points made 
on the different raw materials 
varies little between ' type s '  
(Table 5 . 1 5) .  
Function of points 
There is much debate in the 
Australian literature regarding 
the function of points in both 
ethnographic and archaeolog­
ical contexts, with the common 
assumption being that they 
functioned primarily as hafted 
projectile points in spears and 
as trade goods (e.g. Akerman 
and Bindon 1 995 ; Brown 1 978;  
K amm inga 1 97 8 : 3 3 3 ;  Love 
1 936:75; Mulvaney 1 975 : 1 1 5 ; 
Stuart 1 923 :  7 4) . As discussed 
below, however, an alternative 
view has been offered by some 
researchers, who argue that 
po in ts  probably served as 
mult ifunctional implements 
(e .g .  Bradshaw 1 986; David­
son 1 935b). 
As already mentioned, many 
workers have commented on the 
scarcity of scrapers in northern 
Australian assemblages (Allen 
and Barton n.d. : 65; Davidson 
1 935b: 1 59; Dortch 1 977 : 1 2 1 ;  
McCarthy and Setzler 1960:275). 
Davidson, for example, writes 
that : 
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One of the most striking features of the archaeology 
of North Australia is the scarcity of scrapers. This 
scarcity i s  in direct contrast to what i s  found in the 
south-eastern part of the continent and in Tasmania 
( 1935b: 1 59). 
Davidson believed that in northern Australia the scraper 
found its functional equivalent in the hafted adze ' of the 
Fine Coarse Other Total 
quartzite quartzite 
Unifacial 1 0 0 1 
Bifacial 2 3 2 7 
Backed 3 3 1 7 
Margin retouched 8 1 7  1 26 
Total 41 
Table 5.1 5 Widgingarri Shelters 1 and 2: numbers of different cate­
gories of point by raw material. Note that the total does 
not include the retouched point from the surface Square A 
at Widgingarri Shelter 1 .  
0 
pointed variety ' ( 1 935b: 1 60, 1 68) .  He states that these 
implements were found archaeologically, being scarce in 
the upper units of cave deposits but relatively numerous 
near the bottom, where they preceded the use of quartzite 
spearheads. He notes that while the Wardaman often used 
large unretouched quartzite blades as spear heads, smaller 
retouched points were used for a variety of tasks includ­
ing woodworking, adzing and engraving (Davidson 1 935b: 
1 60, 1 68) .  Davidson himself, however, did not observe 
these hafted points in use. It is l ikely that the smaller re­
touched points he refers to are similar to my laterally 
retouched points . 
Akerman and Bindon ( 1 984:367) report a bifacial point 
being ground to make it more suitable for use as a graving 
implement, while Warner ( 1 958 :490) observed the oppor­
tunistic use of hafted projectile points for scraping bark 
in the manufacture of a canoe, as well as for butchering 
game. 
Archaeological researchers working in the Kimberley 
have also suggested that some point types, such as the 
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Figure 5.1 3 Widgingarri Shelter 1 :  more stone points. 1 = W1 -D-2/2; 2 = W1 -AA-2; 3 = W1 -C-1 /3; 4 = W1 -C-1 /2. 
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Figure 5.1 4  Widgingarri Shelter 2: more stone points. 1 = W2-B-1 ; 
2 = W2-B-5/1 ; 3 = W2-B-5/2. 
backed and steeply retouched points, do not seem to have 
a morphology at all su ited for use as projectiles and that 
they were more likely used for a variety of scraper tasks 
(e.g .  Bradshaw 1 986; Dortch 1 977) .  
Small size was one criteria that Aiston (as c ited in 
Kamminga 1 985) used to dismiss the util ity of the south­
ern Austral ian unifacial 'pirri ' points as effective project­
iles and this line of argument was later taken up by Gould 
( 1 966:7) .  Later experimental studies, however, have more 
than adequately demonstrated that small size does not 
render the projectiles ineffective (Brown 1 978). Kamminga 
( 1 985 :8 )  also notes that some of the hafted Kimberley 
points in Australian museum collections are as diminutive 
as many of the uniface points upon which the experi­
mental studies have been undertaken. 
Aiston (as cited in Karnm inga 1 985 :6,7) original ly 
believed that unifacial points primarily functioned as 
gravers rather than projectiles. On the basis of use-wear 
studies of 1 08 complete and 1 1 8 broken unifacial points, 
Kamminga ( 1 985)  has argued that Aiston was undoubt­
edly mistaken in his belief. Evidence of wood graving 
was seen on only one specimen Kamminga examined, 
with another having possible evidence of dril l ing. He 
interpreted this as suggesting that unifac ial points were 
rare ly used as gravers, although he admits that they could 
easily have had secondary or incidental uses for such 
activities as grav ing, dri l l ing or scraping a variety of 
materials .  
Karnm inga ( 1 985 : 8) ,  however, points out the s igni­
ficant absence of the ' slug '  stage of unifacial 'pirri ' points 
which would be expected if woodworking was a primary 
function of these implements, the ' slug ' being the discard 
stage of hafted implements which are used for special ised 
woodworking (e.g. tula slugs). While Kamminga's  study 
was based on 'pirri ' points from South Australia, the 
results are l ikely to apply to bifacial and retouched points 
in northern Australia. This line of argument, however, 
may not be relevant if only softwoods were being worked 
with the implements, in which case slugs might not be 
produced. 
The fact that so few scrapers are found prior to the 
introduction of points and that there is no significant 
change in the numbers, edge angles, size or shape of 
retouched pieces in the Widgingarri shelters after their 
introduction suggests that scraper forms made of stone 
were not a prominent component of the earlier or later 
assemblages in this area. 
Dating of the introduction of points 
In Widgingarri Shelter 2 the lowest point was found in a 
level, Spit 8 of Square C, dated to 4970±60 bp (Wk 1 398). 
At Shelter 1 ,  all points occurred above Spit 7,  which is 
dated to 1 700±90 bp (Wk 1 490). 
The appearance of points is substantially earlier in 
the west Kimberley than in the east, whether one accepts 
Dortch 's ( 1 977: 1 09) date of about 3000 bp for the transition 
from the earlier to the later industry at the Miriwun shelter 
or the earl ier date of 3640± 1 1 0 bp for the lowest point 
implement at Pilchowski ' s Crossing Shelter (Bradshaw 
1 986:35) .  An earlier paper (Bowdler and O'Connor 1 99 1 )  
argued that the data from Widgingarri Shelter 2 supported 
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the introduction of point technology in the Kimberley at 
about 4500 bp. While I have here presented the uncorr­
ected shell date of 4970 bp for the appearance of the 
new technology, it is l ikely that some correction factor 
for marine reservoir effect should be applied to this shell 
date. The recommended ocean ic reservoir correction 
for Australia is -450±35 (Gil lespie and Polach 1 979), 
which would bring the date for the introduction of points 
at Shelter 2 to 4520±60 bp. As mentioned in the previous 
chapter, however, the appropriate correction factor for 
the study region is  unknown. At present all that can 
safely be said is that in the west Kimberley points appear 
around the same time as, or sl ightly later than, the con­
ventional ly accepted date of ea. 5000 bp for their appear­
ance in Arnhem Land (White and O'Conne ll 1 982: 1 1 9) .  
The Jones and Johnson ( l  985b:206) claim for the appear­
ance of points between 6200 and 5700 bp at the Arnhem 
Land site of Nauwalabila 1 stands on its own (cf. Al len 
1 987b:97). 
Retouched and utilised flakes, flake fragments 
and broken flakes 
The retouched/util ised flakes and fragments are fairly 
homogeneous. There were only 1 3  retouched/uti l i sed 
pieces in the Upper Shel l  Unit of Shelter 2, the unit 
containing points (Table 5 .8). Of these, eight (62%) were 
made on fine-grained quartzite, two ( 1 5%) on coarse­
grained quartzite, two ( 1 5%) on quartz and one on glass 
(8% ) .  The only unifying feature of the collection is  the 
small size of the pieces making it up. Of the four 
unbroken retouched flakes, the largest was 1 7  . 1 6  mm x 
1 3 . 1 1 mm x 4.82 mm. 
Of the 16 retouched/util i sed pieces from the prepoint 
levels, all are made on fine-grained quartzite .  Of the 
eight unbroken flakes, the largest measures 27 . 1 8  mm x 
8 .40 mm x 2.8 1 mm. There is l ittle difference between 
the size of retouched/uti l ised pieces in the prepoint levels 
and of those in the levels with points. 
Edge-ground hatchets and flakes 
Three ground and pol i shed hatchets were located on 
the surface of Widgingarri Shelters 1 and 2 (Fig. 5 . 1 6) .  
Of the two at Shelter 1 ,  one (Fig. 5 . 1 6, upper left) was 
lying on the more northerly of the two basal grinding 
stones shown in Figure 5 .2. All three hatchets are made 
on basic volcanics (dolerite or basalt), the source of which 
is not known. They vary s ignificantly in size and morph­
ology . Of the two hatchets with intact cutting edges, 
both have symmetrical cross-sections and do not conform 
to the small asymmetrical adze-type described by Aker­
man and Bindon ( 1 984) from the Kimberley. Neither 
are they waisted or grooved l ike the early Arnhem Land 
hatchets discussed below or the single east Kimberley 
hatchet reported from the Pleistocene level of Miriwun 
shelter by Dortch ( 1 977: 1 2 1 ,  Fig. 9. 1 ) . 
Although no ground hatchets were found in the 
deposits at either Shelter 1 or Shelter 2, there were sev­
eral flakes of basic volcanic stone with clear striations 
from grinding on their dorsal surfaces that showed the 
characteristic intersecting facets of flakes  detached 
from the working edge of hatchets. Such ground flakes 
were in the Lower Horizons of Shelters 1 and 2. Their 
distribution at Shelter 2 can be seen in Table 5.8 .  Although 
the basal layers in Shelter 2 cannot be dated, edge-ground 
flakes were found in Spit  1 7  of Shelter 1 dated to 
28,060±600 bp (R l 1 795). 
Other early occurrences of edge-ground hatchets 
are known from Arnhem Land, back to 20,000 bp 
(White 1 967) and perhaps to 25 ,000 (Jones 1 985 :297), 
and south east Cape York Peninsula, Queensland, where 
they are dated to 32,000 bp (Morwood and Trezise 1 989). 
1 2 5 
BR I T I S H  1 MUSEU�-�t 
Figure 5.1 5 Classic leaf-shaped Kimberley points collected by Rev. Love ( 1 936: facing page 74) . 
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Artefact discard rates 
The calculation of discard rates for Shelter 2 is confined 
to the Upper and Lower Shell Units as the Lower Horizon 
is undated there. I have not included the artefacts from 
the 3 mm fraction as it is argued that they reflect retouch 
and resharpening of implements rather than changes in 
intensity of site use .  Table 5 . 1 6  shows the number of 
artefacts, the number of artefacts after adjustment for 
sediment volume and the number of artefacts discarded 
per 1 OOO years w ithin each unit of the Shell Horizon . 
The increase in the discard rate in the last 1 500 years 
cannot be directly, or even indirectly, attributed to the 
introduction of points . Any increase in efficiency arising 
from this new technology would be expected to show 
up in the archaeological record without a time lag of 
3500 years . Likewise, while a change in raw material 
may influence the rate of discard (Hiscock 1 986), in this 
case the change in raw material occurs 3500 years earlier, 
with the introduction of point technology. The increase 
in debitage in the last 1 500 years must, therefore , be 
seen as independent of technological change, unless it is  
pressure-flaking. However, as Flenniken and White 
( 1 985 : 1 32) emphasise, pressure-flaking is not a new way 
of making implements, merely a new way of completing 
the retouching. 
Summary of the stone industry 
Like the stone assembl ages  from other northern 
Australian sites, the Widgingarri assemblages may be 
said to comprise two traditions ( cf. Allen and Barton 
n.d. ; Dortch 1 977;  Jones and Johnson 1 985b; Schrire 
1 982). As at Miriwun in the east Kimberley, the early 
assemblage of the Widgingarri shelters is characterised 
by amorphous unretouched flakes,  broken flakes and 
flake fragments, and retouched/utilised flakes and flake 
fragments of small size, as well as by flakes from edge­
ground hatchets. This early industry spans a period from 
sometime prior to 28 ,000 bp to about 5000 bp and 
displays a remarkable degree of homogeneity during this 
time. This  is despite an inferred period of abandonment 
lasting approximately 1 1 ,000 years and changes in the 
local environment brought about by rising and fal ling 
seas . 
The later tradition is marked by the introduction of 
points as an addition to the earlier type of assemblage. 
The in it ial appearance of points is  argued to have 
occurred between 4500 and 5000 bp. As in the Arnhem 
Land shelters , this introduction has been shown to 
coincide with a change in raw material and a decrease in 
flake size.  The problems inherent in inferences based 
on small samples is epitomised by the different dates for 
the first appearance of points in the Widgingarri shelters .  
A radically different picture would have been obtained 
for the timing of the late industry in the region if only 
Shelter 1 had been excavated, as here all points occur 
above Spit 7, dated at 1 700 bp. 
Throughout the point units of both W idgingarri 
shelters, laterally retouched points dominate. Bifacial 
and unifacial points are not found in the lower spits where 
laterally retouched points occur and are uncommon even 
in the upper levels, the last 1 000 years of occupation . 
There is no evidence for pressure-flaking prior to this 
time and only a few points are indisputably pressure­
flaked. Burren adzes and slugs, such as are common in 
the upper levels of the Northern Territory s ites (Allen 
and Barton n.d. :62; Jones 1 985),  are entirely absent from 
the west Kimberley shelters. A single tula slug was recov­
ered from Spit 5 at Widgingarri Shelter 1 (Table 5 .8 ,  
Fig. 5 . 1 1 ,  no .  4) . 
There is l ittle evidence for primary core reduction in  
the shelter sites after the appearance of points . The small 
size of the flakes (excluding those made into points) 
indicates that they probably result from the retouching 
of points . Hiscock ( 1 988a: 1 36) has demonstrated that 
retouching did not occur at the quarry sites but took place 
as the artefacts were transported around the landscape. 
Hiscock ( 1 988a: 1 36) has further argued that ' there 
is a technological continuum from unifacial to bifacial 
points, as the former are gradually transformed into the 
latter ' through retouch and rehafting. He makes this 
claim on the basis  that all the unifacial points from Lawn 
Hill have retouch scars only on the dorsal surface. He 
concludes: 
If this  represents the first phase of point flaking, 
then bifacial points should consistently show that 
the flaking of the ventral surface is superimposed 
upon flaking of the dorsal face. (Hiscock 1 988a: 1 36) 
This is not demonstrated by the points in the Widgin­
garri shelters . Moreover, while the logic of the argument 
has an intrinsic appeal, it is flawed because the sequence 
of flake removal will depend largely on the cross-section 
of the artefact. As most of the flakes on which points 
are made do not have low-angled cross-sections, it would 
be almost impossible to flake onto the ventral surface 
first, as the dorsal surface would not provide a suitable 
platform . Added to thi s  i s  the fact that bifacial and 
unifacial implements do not occur together in the lower 
spits. This would seem to indicate that their production 
is not synchronic . Finally, the only true unifacial point 
in the s i te is also the smallest unbroken implement 
recovered, a factor hardly suggestive of its status as an 
intermediary stage in a reduction continuum. While there 
may be a technological continuum from unifac ial to 
Dates Number of artefacts Volume adjusted 
numbers 
Volume adjusted 
number/ 
1 000 years 
Upper Shell Un it - Subunit A (modern- 1 5 1 0  bp) 
Upper Shell Unit - Subunit B ( 1 51 0-4970 bp) 
Lower Shell Unit (4970-7780 bp) 
282 
322 
236 
428 
596 
426 
Table 5.1 6 Widgingarri Shelter 2: discard rates of artefacts in Squares B and C by stratigraphic unit . 
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Figure 5.1 6 Widgingarri Shelters 1 and 2: edge-ground hatchets from the surface. 1 and 2 from Shelter 1 ;  3 from Shelter 2. 
bifacial points at Lawn Hill, this does not appear to be the 
case at the Widgingarri shelters. 
Unlike those recovered from Y arar Shelter (Flood 
1 970:49), the Widgingarri points can hardly be said to 
be homogeneous in any sense of the word and indicate 
l ittle standardisation or speciali sation in production . 
Interestingly, examples collected from the surface of the 
two shelters and seen at surrounding shelters, although 
not analysed here, suggest a greater emphasis on the 
manufacture of bifacial points, the production of longer 
and broader points and a greater tendency towards 
pressure-flaking than is reflected in the stratified context. 
A trend towards increasing point length, breadth and 
standardisation was also detected by Allen and Barton 
in western Arnhem Land (n.d . :76) . My own suggestion 
for the Widgingarri area remains unverified until tested 
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by a controlled analysis of surface assemblages and a 
larger sample from a stratified context. 
Only within the class referred to as points with 
laterally retouched margins is the sample large enough 
to say anyth ing about variation within the ' type ' and 
here there is a great deal of variation in size attributes 
(Table 5 . 1 4) .  This may be due to limitations arising 
from the raw materi a l .  As  Flenn iken and Wh ite 
( 1 985 :  1 34) point out, while the selection of flakes for 
the production of tools may have been based upon a 
formal set of attributes, poorer qual ity raw material often 
results in a wide range of formal attributes within any 
class of tools .  
OCHRE 
Ochre occurred in all levels of Shelters 1 and 2 and 
included red, white, yellow and orange pieces.  The 
distribution, colour and weight of ochre pieces in Shelter 
2 are shown in Table 5 . 1 7 . Some of them have ground 
facets, but many are simply small nodules. 
Also found were pieces of iron-ore with one or more 
abraded facets (not included in Table 5 . 1 7) .  Sources of 
high-grade ore are unknown in this area of the mainland 
and it is probable that these pieces of haematite were 
brought from the iron-rich area around Koolan Island, 
over 80 km to the south (R. Duncan pers . comm.) .  Jones 
and Johnson ( 1 985a:60) similarly report that the haem­
atite and iron-ore crayons found in the Arnhem Land 
sites they investigated must have been brought ' from 
distances of several scores of kilometers from the east 
or south ' .  
Spit Square B 
Weight No. and colour of Weight 
(g) fragments (g) 
1 1 9.36 3 red; 1 white 0.72 
2 1 .53 2 red 0.36 
3 2.27 9 red 2.98 
4 0.09 1 red 
5 
6 3 .65 1 red 
7 0.91 2 red 1 .80 
8 0.29 1 red 1 .45 
9 5. 1 7  2 red 
1 0  0.38 
1 1  0.24 1 red 0.46 
1 2  2.24 2 red 2.53 
1 3  1 .04 3 red; 1 orange 0.30 
1 4  0.84 
1 5  0.57 
1 6  0.27 1 red 
1 7  
1 8  
1 9  
BONE ARTEFACTS 
Eleven bone artefacts were recovered, eight from Shelter 
1 and three from Shelter 2. Ten of them came from the 
excavations,  in the top four spits, down to 20 cm below 
the surface. The eleventh was on the surface of Shelter 
1 outside the area of excavation. 
The surface find (Figure 5 . 1 7e) was the only whole 
implement of the col lection . It was also the only 
implement made on an identifiable animal , being from a 
wal laby ulna. Thirdly, it was the only implement with a 
known function, being an indenter with ethnographic 
correlates indicating that it was used for final pressure­
flaking of bifacial and unifacial stone points ( cf. Love 
1 936:facing page 76, nos 3 and 4). 
The other ten artefacts were broken. No identification 
could be made of the body part or species that contributed 
to their manufacture . In the absence of use-wear or 
residue analysis their function remains unknown. All of 
them,  however, have ground points,  most of them 
consisting only of a short ground end-section which could 
have derived from pressure-flaking implements. They 
include a fine point (Fig. 5 . 1 7 d) and a range of more 
robust points (e .g. Fig. 5 .  l 7a, b and c) .  
The fact that bone artefacts are confined to the top 
20 cm of the excavations is not related to preservation 
and may indicate that the activities for which they were 
used were taken up late in the Holocene. Their use as 
pressure-flakers would fi t wel l  wi th the restricted 
distribution of pressure-flaked stone points, which are 
confined to the upper two spits of Shelters 1 and 2, and 
the increase in transverse broken flakes, which occurs 
in the top two spits of the Shelter 2.  Small flakes with 
transverse snap fractures are commonly produced when 
pushed off the point under pressure ( cf. Elkin 1 948 : 1 1 2) .  
Square C SEA URCHIN SPINE 
No. and colour of ARTEFACT 
fragments 
1 red A ground sea urchin spine was 
1 red found in Spit 1 5  of the Lower Hor-
7 red; 1 white izon in Square AA at Shelter 1 .  
Together with the marine shell from 
the same square and spit, i t  is a 
witness to contact with the coast 2 red; 2 yellow 
close to the height of the last glacial 3 red; 1 yellow; 1 orange 
maximum ea. 1 8 ,000 years ago 
2 red when sea level was at its lowest and 
3 red the Widgingarri shelters approx-
9 red; 1 yellow imately 200 km inland. 
2 red 
1 red 
1 red 
SHELL ARTEFACTS 
Like the Koolan Shelter, both of 
the Widgingarri shelters contain-
Table 5.17 Widgingarri Shelter 2: numbers and weights of ochre fragments in Squares B ed a number of shel l  artefacts 
and C by spit. made on Geloina coaxans and they 
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Figure 5.1 7 Widgingarri Shelter 1 :  bone artefacts, including point (d) and indenter (e) . a =  W1 -AA-4; b = W1 -AA-1 ; c = W1 -C-4; d = W1 -C-3; 
e = W1 surface. 
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are analysed in the same way as the Koolan specimens. 
Their distribution at the two shelters is shown in Table 5 . 1 8. 
A total of 1 7 1  fragments of Geloina was recovered� 
of which only 1 7  (9.94%) had evidence of edge damage 
to the margins. The total weight of all pieces examined was 
290.58 g, with the modified pieces comprising 29.39 g 
( 1 0  . 1 1 % ) . As the total weight and numbers include sections 
of the shel l  that would not have been modified, including 
the central portions of the valve and the umbo, the percent­
ages of modified shell given above indicate that a large 
proportion of the Geloina was artefactual. Due to the 
extremely degraded and friable condition of most of the 
shells, it is thought that the number of modified specimens 
identified is an underestimate. The fact that most Geloina 
valves collected from the surface of the two shelters and 
that of other shelters in the vicinity were modified supports 
this interpretation. 
R. Fullagar examined a sample of these surface valves 
to see if any organic residues were preserved and to de­
scribe the use-wear. Residues were present on several of 
the specimens.  These included plant fibres, an unident­
ified ' tissue ' ,  and resin, probably from wood. Without 
further work the relationship of the residues to implement 
function remains inconclusive, although there appears 
to be a connection with plant processing or wood scraping. 
Edge damage to most of the specimens was most 
distinct on the external concave surface and took the form 
of deep short striations at 45° -90° to the edge, as well as 
scarring in the form of bending/feather terminations 
(Fullagar n.d.a). Feather terminations, some step scars 
and pronounced pol ish were also visible on the inside 
surface of the ventral margins of some specimens (Fig. 
5 . 1 8) .  The use-wear and scarring were consistent for all 
specimens examined and differed mainly in  degree or 
due to the severity of weathering of the shell .  These 
damage patterns indicate that the artefacts had functioned 
as hand held scrapers for scraping hard materials such 
Spit 
Shelter 1 
1 
2 
3 
4 
5 
Total 
Shelter 2 
1 
2 
3 
4 
5 
6 
7 
8 
Total 
A 
no. wt. 
0.05 
Total number for all squares = 1 7  
B 
no. wt. 
1 . 1 0  
0.39 
as wood. As discussed in detail in the previous chapter, 
there are good ethnographic correlates for these use patterns 
on shell  artefacts from Amhem Land (Fullagar n.d.b) . 
One valve from the surface of Widgingarri Shelter 2 
had a hole drilled from the inside surface of the shell 
(Fig. 5 . 1 9) .  The hole is approximately 1 cm from the 
ventral margin. As it is drilled from the inside of the valve, 
it cannot be due to the action of a carnivorous gastropod 
(S.  Slack-Smith pers. comm.) .  The edge nearest the outer 
perimeter was examined and appeared slightly worn, 
possibly indicating that there had been an attachment 
through this area (Fullagar n.d.a).  
Heavy red ochre residues on the inside of another 
valve from the surface of the same shelter suggested i t  
had been used as a palette for holding ochre. A Geloina 
valve used for the same purpose is reported by Schrire 
from Malangangerr in Amhem Land ( 1 982:95).  
METAL ARTEFACTS 
A single metal tool, made on a piece of heavy wire with 
a flattened end l ike a screwdriver, was recovered from 
Spit 2 in Shelter 1 .  It is approximately 15 cm long. Today, 
tools similar to this are used to incise wooden artefacts 
and are called 'wires ' .  Elkin ( 1 948 : 1 1 0) describes short 
heavy pieces of fencing wire with the end ground to a 
point being substituted for bone points in the final stages 
of pressure-flaking of stone artefacts. 
WOODEN ARTEFACTS 
On the surface of Shelter 1 was a large piece of bark 
which had been moulded to form a bowl .  The ends of 
Square 
c 
no. wt. 
1 1 .56 
2 2.02 
3 0.97 
6 
2.35 
2.39 
2 
D 
no. wt. 
2 1 1 . 1 0  
2 
AA 
no. wt. 
3 6.23 
1 .23 
4 
Table 5.1 8 Widgingarri Shelters 1 and 2: number and weight (g) of Geloina coaxans fragments with evidence of modification, by square and 
spit. 
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Figure 5.1 8 Widgingarri Shelter 2: shell artefact of Geloina coaxans, surface find. Note the retouch on the margin .  
Figure 5.1 9 Widgingarri Shelter 2: shell artefact, surface find, with hole dril led from the ventral surface. 
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the container were not tied, as is customary with the bark 
bowls used by Bardi women today as all-purpose carry­
ing containers. Associated with the bark sheet were some 
twigs with pulverised ends which were coated in ochre. 
My consultant, Khaki Stumpagee, was of the opinion that 
these objects were all connected with painting and that 
the bark sheet was used to mix ground ochre with other 
substances prior to its application to the shelter walls .  
An extremely weathered end of a spearthrower was 
found on the surface of Shelter 2 .  It is made of a soft 
wood and has been attacked by termites.  
PLANT MATERIAL 
Plant material was recovered from the top four spits of 
Shelter 1 and the upper two spits of Shelter 2.  Given the 
dates from the two shelter sites, it would seem that all 
plant material is more recent than 500 bp. Small frag­
ments of wood, bark and shavings, some charred, were 
recovered from the upper two spits of Shelter 1 and from 
the surface of Shelter 2. These have not been identified 
to species, but some of the larger fragments appear to 
have an artefactual origin. Additional ly, large numbers 
of seed kernels were recovered belonging mainly to the 
nine edible species l isted in Table 5 . 1 9 . Plants are highly 
seasonal in their availability and can therefore prove to 
be useful seasonal markers in an archaeological context, 
provided their presence in the site can be definitely related 
to human activity. Clarke 's ( 1 988) work has demonstrated 
that caution needs to be exercised in this regard. 
Table 5 . 1 9  shows the number of whole seeds recov­
ered and their provenance. I have only included the whole 
Species 
Terminalia ferdinandiana 
Chewed 
Unchewed 
T. petiolaris 
Chewed 
Unchewed 
Persoonia falcata 
Chewed 
Unchewed 
Canarium australianum 
Chewed 
Unchewed 
Vitex sp . 
Chewed 
Unchewed 
Buchanania sp. 
Chewed 
Unchewed 
Pandanus sp. 
Acacia sp. 
Pod 
Mimusops elengi 
1 36 
1 01 
0 
1 
29 
9 
34 
1 
0 
1 1  
1 0  
2 
Shelter 1 
Spit 
2 3 
0 
4 
3 
1 
0 
2 
0 
1 
1 
0 
4 
2 
0 
0 
1 
0 
0 
1 
0 
seeds, as only with these was it possible to ascertain if 
they were chewed or otherwise damaged in a patterned 
way .  As the majority of the fruit seeds from both shelters 
was fragmented, Table 5 . 1 9  significantly underestimates 
the number of seeds recovered. The seeds of Terminalia 
f erdinandiana were present in the largest quantities at 
both shelters, followed in order of importance by Canarium 
australianum and Persoonia falcata, with Buchanania 
obovata and Vitex sp. equal in next place. 
All of the species identified from the Widgingarri 
shelters are well recorded as food plants in areas adjacent 
to the study area. With the exception of Pandanus 
spiral is, all would be available on the better developed 
soil s  of the broad shallow valley outside the shelter 
entrances or on the rocky substrate above the shelters . 
The species in question are l isted below, together with 
relevant ethnobotanical information on their use and 
availability. An assessment of the l ikelihood that they 
represent human food remains is made, using the criteria 
advocated by Clarke ( 1 988 : 1 27) .  
Terminalia ferdinandiana (Combretaceae) 
Smith and Kalotas ( 1 985 :337) state that the fruit of this 
species is  consumed when ripe . The fruit may also be 
used in an infusion. In Dampierland it is available from 
October though to December, from the end of the dry 
season to the early wet. 
Terminalia petiolaris (Combretaceae) 
Smith and Kalotas ( 1 985 :347) report that the fruit of this 
tree was eaten raw when ripe , when it turns purple-black 
in  colour. In the Dampierland region the tree fruits 
between August and September. 
Shelter 2 
Spit 
2 
1 2  
Persoonia falcata (Proteaceae) 
Both the fleshy fruit and the kernel of this 
plant can be eaten and, when fully ripe, 
both were sometimes pounded together 
and eaten as a paste (Smith and Kalotas 
1 985 :338) .  The fruit can also be sun-dried 
or cooked in ashes and after this process 
can be stored for several weeks (Crawford 
1 982:46, 47) .  Intact seeds (n=44) were 
found in the top four spits of Shelter 1 ,  
73% (n=32) of the intact seeds hav ing 
chew marks from native rats (Table 5 . 1 9) .  
However,  thi s  does not  prec lude the 
possibil ity that they were human food 
items as the soft outer Persoonia fruit may 
have been eaten and the kernel discarded, 
only to be collected and gnawed by rats 
at a later date. Alternatively, the seeds may 
have been independently collected by rats 
from outside the shelter. It is not possible 
to discriminate between these alternatives 
on the evidence available. 
Table 5.1 9 Widgingarri Shelters 1 and 2: numerical distribution of fruit seeds of diff­
erent species, all squares, by spit. 
Canarium australianum (Burseraceae) 
Both the fruit and the kernel are edible 
and can be eaten raw or after warming in 
ashes (Paddy et al . 1 987 :3 1 ;  Smith and 
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Kalotas 1 985:334). Few intact examples of the species 
were found, although fragments occurred in all spits. As 
both the flesh and the kernel are known to have been 
consumed, this is perhaps not unexpected. Most of the 
seeds (95%) displayed the characteristic chew marks of 
rodents (Table 5 . 1 9) .  As with Persooniafalcata, the Can­
arium fruit may have been eaten by people and the kernels 
later gnawed by rats . 
Vitex sp., probably V. glabrata (Apocynaceae) 
Two types are recognised by people in the Kalumburu 
area, but only one has so far been described in the 
botanical l i terature. They ripen at different times of the 
year and while one fruit is eaten raw when ripe, the other 
is collected only after i t  has dropped to the ground and 
is baked wi th stones in an earth oven or sun-dried 
(Crawford 1 982:7 1 ) . Smith and Kalotas ( 1 985 :344) 
describe only the type of which the flesh is  eaten raw 
when ripe. 
Buchanania sp., probably B. obovata 
(Anacardiaceae) 
The flesh of the fruit  of this plant is eaten raw when ripe 
(Crawford 1 982:55;  Smith and Kalotas 1 985:339) .  
Pandanus sp. ,  probably P. spiralis (Pandanaceae) 
The kernels inside the drupes of P andanus were eaten 
by the Bardi to the south of the study area (Smith and 
Kalotas 1 985 :344) and in the Kalumburu area to the north 
(Crawford 1 982:37,  38) .  
The single P andanus drupe recovered from Widgingarri 
Shelter 1 shows no signs of cutting to extract the kernel 
in the manner discussed by Meehan et al . ( 1 979), but 
Smith and Kalotas ( 1 985 :344) describe the extraction of 
the seeds by an alternative method which involves baking 
the fruit  when ripe and grinding the hard fibrous part 
until the seeds are exposed. Crawford ( 1982:38) describes 
the use of the fruit as well as the kernel and alternative 
methods of exposing the kernels.  
The distribution of the species is controlled by ground 
water availability and since the closest trees to the shelters 
are several kilometres away, it seems most likely that human 
agency was responsible for its presence in the site. 
Acacia sp. (Mimosaceae) 
Several species of this plant have edible seed pods and 
seeds which may be roasted and eaten (Paddy et al . 
1 987 :3 1 ;  Smith and Kalotas 1 985) .  Only the outer seed 
pod was recovered and could not be identified to species. 
Mimusops elengi (Sapotaceae) 
According to Crawford ( 1 982:62) and Smith and Kalotas 
( 1985 :336), the fruits of this species were eaten when 
ripe, with no preparation necessary. One intact seed 
kernel (charred) and several fragments were recovered, 
but the species has an extremely fragile casing to the 
kernel and it is surprising that it has survived at all .  
Implications of the finds 
Although Terminalia ferdinandiana is  recorded as an 
important dietary staple in  adjacent areas to the south of 
the study area (Smith and Kalotas 1 985 :337, 346), many 
of the recovered fruit stones of this species have chew 
marks and some are encased in faecal material. This 
suggests strongly that foragers other than humans may 
have brought them to the site. Native rock rats such as 
Zyzomys argurus and Z. woodwardi, both of which are 
found in the area, habitually store seeds. These species 
will transport seeds over 1 00 m distances and seed caches 
of Zyzomys have been found to contain Terminalia 
ferdinandiana (Clarke 1 988:  1 29) .  Clarke notes, however, 
that in the rat stores examined 99.67% of all seeds had 
been chewed, whereas for Terminalia f erdinandiana and 
the other seed species represented in the Widgingarri 
shelters the proportion of chewed seeds is much lower. 
As the seeds were purportedly collected by people for 
the ripe fruit, it seems not unlikely that we are witnessing 
a ' taphonomic palimpsest ' ,  with humans collecting the 
fruit, returning with it to their shelter, eating the flesh 
and discarding the kernels. Later, when the site was vacated, 
Zyzomys could avail i tself of the seeds lying scattered 
on the shel ter floor. As some of the seeds would presum­
ably have been buried in the soft surface sediments, they 
would be missed by Zyzomys, thus accounting for the 
lower proportion of affected seeds in the shelter populat­
ion than found in the Zyzomys stores. The additional 
presence of faecal material adhering to some of the seeds, 
however, introduces yet another possible primary agent, 
namely wallabies.  Kernels from the seats could l ikewise 
have been scavenged by Zyzomys. 
In conclusion, despite an examination of the material 
using the criteria advanced by Clarke ( 1 988: 1 27),  it does 
not appear possible to e l iminate any agency or advance 
a primary agent of collection. The lower number of 
chewed seeds found in the shelters as against Zyzomys 
seed stores may indicate that the rodents were merely a 
secondary agent acting on the material brought to the 
site by people or wallabies, but even this is uncertain . 
Seasonality 
The presence of Pandanus spiralis, a definite case of 
human transport to Shelter 1 ,  indicates use during the 
mid- to late dry season. This fits well with the ethno­
graphic information about shelter use, which describes 
shelters as being chiefly used during wet season storms 
and repainted in the late dry season to encourage the 
onset of the rains. 
MOLLUSCS 
Tables 5 .20 and 5 .2 1 give the breakdown of shellfish by 
species and their weights for each spit of Square B of 
Shelter 1 and Square C of Shelter 2.  As at Koolan, the 
category 'Other' includes all species where there were 
too few individuals to merit a separate entry, very small 
shells which are unlikely to be dietary and barnacles. 
The ' Unidentified ' category gives the weight of shell  
fragments which could not be identified to species.  
Figure 5 .20 presents the weight of each species graphed 
as a percentage of total shell weight per spit. The total 
weight for all shell adjusted for volume is shown in the 
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final column. Weights for the species represented 
in the lower spits of the Shel l  Horizon of the two 
shelters were too low to include in Figure 5 .20. 
Species are listed in Table 5 .22 under their major 
habitat. The variety of shel lfish at the Widgingarri 
shelters is predictably larger than at Koolan as a 
greater number of different mollusc habitats would 
have been within reach of the sites.  
Analysis shows the prevalence throughout the 
Shell Horizons of both shelters of the intertidal 
rockplatform species N erita undata, Turbo cine re us 
and Acanthopleura spinosa, which occur at the 
same phase of the intertidal zone. Mangrove­
dwelling species are present but occur in very low 
numbers,  never comprising more than 5 % of total 
shel l  by weight in any single excavation unit. 
When comparing the trends in Shelters 1 and 2, it  
is important to bear in mind that the upper seven 
spits in Shelter 1 correlate chronologically with 
the upper four spits of Shelter 2 (Fig. 5 .5) .  While 
some changes in percentage weights through the 
shell levels are evident (Fig. 5 .20), a simple explan­
ation for them is not readily apparent. Shelter 1 
shows a gradual decrease in the importance of 
Nerita from the bottom to the top of the site and a 
corresponding increase in that of Turbo and, less 
so, Acanthopleura. Shelter 2, with the longer 
sequence, shows decreasing proportions of Turbo 
and an increase in Nerita towards the top of the 
site. 
This pattern is l ikely to be related to the differ­
ential survival of the different species. Turbo 
cinereus w ith its robust shell  and operculum 
would survive well with depth and could be expect­
ed to increase relative to Nerita undata with its 
comparatively fragile shell and operculum. This 
was confirmed by the analysis of a shell sample 
from the 3 mm sieve fraction from Shelter 2 using 
MNI estimates (Table 5 .23). While the proport­
ion of Acanthopleura spinosa remains relatively 
constant throughout, Nerita undata is probably 
underrepresented in all levels of the site . The 
proportions of Turbo are constant down to Spit 7 
when they increase and dominate below. This  is  
probably due to the fact that only in the lower 
spits are Turbo opercula sufficiently degraded to 
pass to the 3 mm sieve. The extremely friable and 
chalky condition of the opercula would tend to 
support this interpretation. By this level preserv­
ation is so poor that the spires of N erita undata, 
which are found in the 3 mm fraction in the upper 
spits, are not being preserved at all .  
I n  summary, the analysis o f  the shellfish by 
weight indicates that there was little change in 
the proportions of different species over the 5000 
years for which their remains are preserved in 
any quantity. The increase in Turbo cinereus in 
the lower spits at the expense of N erita undata is 
l ikely to be due to poor preservation of the latter 
species with depth. 
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Figure 5.20 Widgingarri Shelters 1 and 2: stratigraphic distribution of shellfish species by weight (g). 
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Species 2 3 
Acanthopleura spinosa 30.21 29.55 44.40 
Trochus sp. 0. 1 7  0.66 0.72 
Turbo cinereus 1 1 2.02 1 03.55 1 84.93 
Nerita undata 1 1 6.03 1 1 0.34 244.63 
Nerita polita 9.09 1 5.36 1 7.30 
Tectarius rusticus 3.91 1 .33 
Chicoreus cornucervi 
Melo amphora 9.49 1 .7 1  
Pinctada sp. 0.08 
Saccostrea sp. 1 .25 2.30 0.69 
Nerita lineata 4.36 
Cerithidium reidi 7.62 8. 1 0  22.48 
Telescopium telescopium 
Terebralia spp. 5 .93 0.72 5. 1 6  
Naquetia capucina 0.67 0.47 
Geloina coaxans 5.98 2.28 5.53 
Unidentified 54.01 84.22 92.00 
Other 22.27 20.37 44.73 
4 5 6 
46.52 44.08 50.02 
3.89 4 . 1 1  1 . 1 5  
284.00 31 0.70 451 .48 
1 38.63 1 22.51 31 6.39 
1 5.74 1 1 .31 81 .09 
1 .87 0.99 
1 .69 0.73 2. 1 0  
1 .25 2.53 5.40 
3.01 
1 5.03 20.82 1 6. 1 7  
4 .66 5.85 1 8.44 
1 .04 0.63 0.78 
0.40 0.96 
9 1 .50 1 1 8.45 1 31 .60 
26.40 28.20 31 .38 
7 
27.86 
6.73 
1 01 0.29 
902.51 
1 63.38 
7.51 
1 3.61 
5 .87 
1 20.53 
1 33.47 
8 
1 .88 
1 1 8.24 
31 .51 
3.47 
1 .95 
0. 1 2  
4.98 
3.30 
6.42 
45.43 
3.66 
9 1 0  
9.40 7.40 
0.84 
4.53 
6.93 
Table 5.21 Widgingarri Shelter 2, Square C: shell weights (g) of shellfish species by spit. 
Family Species 
Marine rocky substrate and reef dwell ing species 
Chitonidae Acanthopleura spinosa 
Trochidae Trochus sp. 
Turbin idae Turbo cinereus 
Neritidae Nerita undata 
Littorinidae 
Muricidae 
Volutidae 
Pteriidae 
Ostreidae 
Nerita polita 
Tectarius rusticus 
Chicoreus cornucervi 
Melo amphora 
Pinctada sp. 
Saccostrea sp. 
Mangrove/mudflat species 
Neritidae Nerita lineata 
Potamididae Cerithium reidi 
Muricidae 
Geloinidae 
Arcidae 
Tridacnidae 
Melongenidae 
Telescopium telescopium 
Terebralia spp. 
Naquetia capucina 
Ge/oina (Po/ymesoda) coaxans 
Anadara granosa 
Tridacna maxima 
Syrinx aruanus 
Common name 
chiton 
trochus 
turban 
nerites 
nerites 
periwinkle 
murex 
baler 
pearl 
oyster 
nerites 
mud whelks 
mud whelks 
mud whelks 
murex 
mud clam 
cockle 
clam 
conch 
Table 5.22 Widgingarri Shelters 1 and 2: shel lfish species present, by habitat. 
Spit Acanthopleura spinosa Nerita undata 
no. % no. % 
2 3 4.54 60 90.91 
3 5 4.27 1 1 1  94.87 
4 2 2.06 91 93.81 
5 0 0.00 1 71 1 00.00 
6 7 3.70 1 78 94. 1 8  
7 9 3.57 1 86 73.81 
8 2 2.04 1 9  1 9.39 
9 0 0.00 0 0.00 
CRUSTACEA 
Crab remains were confined to the upper spits 
of the Shel l  Horizon at both shelters . Most 
of the material was unidentifiable as it was 
broken or lacked diagnostic structure. Identi­
fications were made on dactyl and pollex frag­
ments, which are usually distinctive between 
families. All identifiable pieces were swimmer 
crabs of the family Portunidae and the size and 
robustness of the unidentified fragments would 
suggest that they belong to the same family. In 
these circumstances MNis were not attempted. 
The weights of all crab remains recovered 
from the 6 mm s ieve fraction at Shelter 2 are 
shown in Table 5 .24. 
VERTEBRATE FAUNA: 
TERRESTRIAL AND MARINE 
Like Koolan Shelter 2, the Widgingarri 
shelters preserve fauna to the lowest levels. 
Identifications were done by Prince ( 1 99 1 ) , 
Turbo cinereus Total 
no. % 
3 4.54 66 
1 0 .85 1 1 7 
4 4. 1 2  97 
0 0.00 1 71 
4 2 . 1 2  1 89 
57 22.62 252 
77 78.57 98 
8 1 00.00 8 
Table 5.23 Widgingarri Shelter 2: minimum numbers of shellfish species from the 3 mm sieve fraction , based on counts of selected shell 
parts, by spit. 
86 30,000 Years of Aboriginal Occupation : Kimberley, North West Australia 
Widgingarri Shelters 1 and 2 Chapter 5 
Spit Portunidae Unidentified 
Square B 
1 1 .00 
2 0.06 
3 0.49 0.24 
4 1 .46 0 . 1 1 
5 1 .01  
Square C 
1 0 . 1 5  
2 0.49 
3 0.25 
4 0. 1 9  
5 0.42 
Table 5.24 Widgingarri Shelter 2: weights (g) of crab shell in Squares 
B and C by spit. 
Shell Horizon Lower Horizon 
Large macropod 1 54 34 
Macropus robustus 
Macropus antilopinus 2 
Medium-sized macropod 38 9 
Macropus agilis 1 1  
Small macropod 66 47 
Petrogale brachyotis 1 1  1 4  
Peradorcas concinna 6 27 
Large Petrogale 1 5  3 
Peramel idae 34 1 6  
lsoodon macrourus 2 5 
lsoodon sp. 2 3 
Smal l lsoodon 3 
Macrotis sp. 1 2 
Petaurus breviceps 3 1 
Wyulda squamicaudata 1 
Trichosaurus arnhemensis 1 
Phalangeridae 3 
Dasyuridae 1 
Dasyurus hallucatus 1 1 
Thylacinus cynocepha/us 1 1 
Tachyglossus aculeatus 1 
Muridae 23 1 0  
Zyzomys woodwardi 1 1 
Conilurus penicillatus 2 4 
Rattus tunneyi 1 2 
Mesembriomys macrourus 3 
Pseudomys/Notomys 1 1 
Snake 33 24 
Boidae 2 3 
Lizard 1 3  6 
Scincidae 1 8  8 
Agamidae 8 3 
Chlamydosaurus kingii 1 1 
Varanidae 4 3 
Turtle 1 4  
Crocodile 5 1 
Ganis familiaris (dingo) 1 
Fish 227 
Bird 1 2  1 
Table 5.25 Widgingarri Shelter 1 :  N ISP distribution of vertebrate 
fauna in Squares A, AA, 8, C and D combined by strati­
graphic unit (after Prince 1991 ) . N ISP = Number of Identified 
Specimens. 
who used Number of Identified Specimens (NISP) as 
the measure of taxonomic abundance. The NISP calcul­
ations for Shelter 1 are presented in Table 5 .25 and 
Appendices 5 . 1 -5 . 5 ,  the data being from the 6 mm 
fraction of all excavated squares and the 3 mm fraction 
of Square B .  For Shelter 2 the data are provided by the 
6 mm fraction of both excavated squares (Table 5 .26 
and Appendices 5 .6 and 5 .7) .  The analysis at Shelter 2 
is by the four divisions of the stone artefact analysis 
of the two squares, the two subunits of the Upper Shell 
Unit, Subunit A and Subunit B, the Lower Shell Unit 
and the Lower Horizon. 
A greater diversity of fauna is  represented than at 
Koolan 2.  Most of the extensive list of species would be 
available in the area today, including a range of large, 
medium and small macropodids, marsupial carnivores, 
bandicoots, bilbies, possums, rodents and reptiles (see 
Tables 5 .25 and 5 .26). 
Bone weights 
Bone weights (g) and adjusted weights for the 6 mm 
fraction at Shelter 2 are presented in Table 5 .27. The 
table does not include fish and bird bone, whose weights 
are presented separately. There does not appear to be 
any marked patterning to the bone weights in the Shell 
Horizon or any correlation between Squares B and C. 
The high bone weights in Spit 7 of Square B are not 
matched by similarly high weights in Square C.  There 
is a marked decrease in bone weight midway through 
the Lower Horizon (Spits 1 4--1 7 in Square B and 1 4  and 
1 5  in Square C) and a dramatic increase in the lower 
spits there (Spits 1 8  and 1 9  of Square B and 1 7, 1 8  and 
1 9  of Square C). This would suggest that preservation 
was not responsible for the fluctuations in bone weights 
through the sequence, but inspection of the bone indicates 
that the material in the lower spits of the Lower Horizon 
is extremely friable and despite the high weights there 
was l ittle bone that could be identified to genus in either 
square. This would suggest that were preservation not 
an issue, the trend would be even more pronounced. 
Preservation of faunal material was substantial ly 
better in Shelter 1, particularly in Square AA, though a 
large percentage of the bone from the Lower Horizon 
was cemented in a matrix of CaC03 which had to be 
removed with an acid solution. In order to avoid the 
risk that the bone might disintegrate, only sufficient 
carbonate to enable identification was removed. Bone 
weights for Shelter 1 could not therefore be calculated 
as they would have been biased significantly by the 
weight of sediment and carbonate encrustations adher­
ing to them. 
Kangaroos and wallabies 
(Family Macropodidae) 
The five species positively identified in the Widgingarri 
shelters, Macropus antilopinus, M. robustus, M. agilis, 
Peradorcas concinna and Petrogale brachyotis can be 
found within a few kilometres of the shelters today. 
The large macropodids, M aero pus robustus and M. antil­
opinus, occupy the immediate environment around the 
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shelters, where the stony rises and overhangs provide 
shelter during the day . M aero pus antilopinus was identi­
fied in the upper spits of the Shell Horizon at Shelter 1 ,  
Square C, Spits 2 and 5 (Table 5 .25) .  Specimens of M. rob­
ustus were found in Shelter 2, in Square C, Spit 7 ,  which 
belongs to Subunit B of the Upper Shell Unit, and in 
Square B, Spit 1 2, which, on the interpretation of the 
stratigraphy adopted, is the top of the Lower Horizon, of 
late Pleistocene age (Table 5 .26). The numerous examples 
identified as large macropodids in the deposits are l ikely 
to belong to one or other of these two species (Prince 
1 99 1 :47) .  They were found in every spit of Shelter 1 
(Table 5 .25) and all divisions of Shelter 2 (Table 5 .26), 
that is, from modern times back into the late Pleistocene. 
Interestingly, the dental specimens of the large macro­
podids from the Pleistocene levels of the Widgingarri 
Shelter 1 deposit are slightly larger in dimension (5- 1 0%) 
than comparative modern material from the Kimberley 
region (Prince 1 99 1 :48) .  There is abundant evidence for 
post-Pleistocene dwarfing of several large macropodids 
in south eastern Australia, but evidence for such dwarfing 
has not been previously identified for northern regions 
(Prince 1 99 1 :48) .  
The medium-sized macropodid, Macropus agilis, was 
found in both Shelters 1 and 2 (Tables 5 .25 and 5 .26) . I ts 
preferred habitat is along streams and rivers in open grass­
land and savannah habitats. The fact that it is restricted 
to the Holocene levels in both sites may indicate an increase 
in potable water sources around the shelters at this time 
(Prince 1 99 1  :48). Specimens identified as medium-sized 
macropodid are l ikely to be from M. agilis. 
Peradorcas concinna, the smallest of the rock wallaby 
group, is found throughout Widgingarri Shelter 1 ,  but is 
most common in the Pleistocene (Table 5 .25) .  The White­
Breasted Sea Eagle is a known predator and its presence 
radically reduces the Little Rock Wallaby 's diurnal behav­
iour. This may explain the decrease in numbers of this 
species as the shel ter came closer to the coast as sea level 
Upper Shel l Unit Lower Shell Unit Lower Horizon 
Subunit A Subunit B 
Large macropod 24 1 7  5 1 1  
Macropus robustus 1 1 
Macropus antilopinus 
Medium-sized macropod 6 9 4 
Macropus agilis 1 2 
Small macropod 1 1  1 0  1 4  
Petrogale brachyotis 2 2 
Peradorcas concinna 1 
Large Petroga/e 1 3 
Peramelidae 4 
lsoodon macrourus 
lsoodon sp. 
Small lsoodon 
Macrotis sp. 
Petaurus breviceps 
Wyu/da squamicaudata 
Trichosaurus arnhemensis 
Phalangeridae 
Dasyuridae 
Dasyurus hallucatus 
Thylacinus cynocepha/us 
Tachyglossus aculeatus 
Muridae 5 3 
Zyzomys woodwardi 
Conilurus penicillatus 
Rattus tunneyi 
Mesembriomys macrourus 
Pseudomys/Notomys 
Snake 5 1 4  3 
Boidae 
Lizard 1 0  1 2 
Scincidae 2 3 
Agamidae 
Chlamydosaurus kingii 
Varanidae 
Turtle 2 
Crocodile 
Ganis familiaris (dingo) 
Fish 381 1 2 1 
Bird 4 1 
Table 5.26 Widgingarri Shelter 2: N ISP distribution of vertebrate fauna in Squares B and C by stratigraphic unit {after Prince 1 991 ) .  N ISP = 
Number of Identified Specimens. 
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rose . A single specimen of this species was found in 
Shelter 2 in the Upper Shell Unit (Table 5 .26). Petrogale 
brachyotis, the Short-Eared Rock Wallaby, i s  found 
throughout the Shelter 1 deposits and is probably stil l  
present in  regions near the site .  
A third small macropodid could not be  positively 
identified but i s  most l ike a second species of Petro gale, 
possibly P. lateralis (Prince 1 99 1 :50). It has simply been 
l isted as Large Petrogale in Tables 5 .25 and 5 .26. The 
small macropodids of the tables probably included indi­
viduals of Petro gale brachyotis and Peradorcas concinna. 
Bandicoots (Family Peramelidae) 
lsoodon macrourus, the Northern Brown Bandicoot, was 
found in the Lower Shell Horizon (early Holocene) and 
Lower Horizon (late Pleistocene) in Shelter 1 (Square 
AA, Spits 1 3 , 1 4, 1 6, and 1 7; Square A, Spit 1 6) .  A 
smaller species, which on the basis of s ize is l ikely to be 
I. auratus, the Golden Bandicoot, was found in Square 
AA, Spits 1 3 , 14  and 1 7 .  It is entered simply as Isoodon 
sp. in Table 5 .25 .  Both spec ies probably occur in the 
Widgingarri region today. A third bandicoot species is  
l isted as small I soodon. The specimens of this are similar 
in size and morphology to the Amhem Land Bandicoot, 
I. arnhemensis (Prince 1 99 1 :52).  The present range of 
the Amhem Land Bandicoot does not include this region 
of the Kimberley but may have been significantly greater 
in the past. 
While most of the bandicoots identified to genus occur 
in the lower levels of both shelters, specimens identified 
simply as Peramelidae but l ikely to include /. macrourus 
and /. auratus have been recovered throughout the 
sequence in Shelter 1 (Table 5 .25) and in the Upper Shell 
Horizon at Shelter 2 (Table 5 .26) . 
Square B 
Spit Weight Weight 
adjusted 
tor volume 
1 22.65 31 .71 
Upper Shel l Unit 2 1 5 .64 1 5.64 
Subunit A 3 1 8.47 36.94 
4 1 5.09 20. 1 2  
5 1 3.06 22. 1 6  
6 21 . 1 8  38.26 
Upper Shell Unit 7 99.44 12 1 .06 
Subunit B 8 54.53 62.32 
9 1 8.56 25.98 
Lower Shell Unit 1 0  35.38 68.32 
1 1  46.95 55.94 
1 2  43.50 5 1 .83 
1 3  22.53 43.51 
14 7.65 8.25 
Lower Horizon 1 5  1 .65 4.07 
1 6  1 .04 2.44 
1 7  1 .76 2.53 
1 8  245.80 326.22 
1 9  1 7.28 21 .29 
Bilbies (Family Thylacomyidae) 
The B ilby, Macrotis sp., is present in Spits 14 and 1 5  of 
Square AA Shelter 1 (Table 5 .25).  Of the two possible 
species, Macrotis lagotis and M. leucura, the Lesser 
Bilby, the Widgingarri specimens are most l ike M. lagotis 
(Prince 1 98 1  :52) .  Today both species of B ilby are con­
fined to arid desert areas (Johnson 1 983: 1 07). Spit 15 of 
Square AA is firmly dated to the last glacial maximum 
and its presence in Spit 14 only a few centimetres above 
may result from mixing of the bottom spit of the Shell 
Horizon and the top of the Lower Horizon. The Bilby ' s 
presence in these levels may indicate an extension of 
arid conditions, though with such a small sample size its 
absence from other spits may not be significant. Further­
more, the B ilby ' s  range has been significantly reduced 
since the tum of the century by changing fire regimes 
and introduced grazing animals and predators (Johnson 
1 983 : 1 07 )  and it may have prev iously inhabited the 
coastal Kimberley. 
Possums (Fami lies Phalangeridae 
and Petauridae) 
Three species of possum were identified. 
The Sugar Gl ider, Petaurus breviceps, is common 
in the areas surrounding the Widgingarri shelters, where 
it feeds mainly on Acacia leaves and eucalypt gum and 
inhabits tree hollows for shelter (Suckling 1 983 : 1 38) .  
Two specimens of this  species were identified in the top 
of the Shell Horizon at Shelter 1 (Square A, Spit 2; Square 
B ,  Spit 2) and another two in spits either side, early 
Holocene and late Pleistocene, of the boundary between 
the Shel l  and Lower Horizons (Square AA, Spits 14 and 
1 5 ) (Table 5 .25) .  
Square C 
Spit Weight Weight 
adjusted 
tor volume 
1 42. 1 1 67.38 
Upper Shel l Unit 2 22.42 22.42 
Subunit A 3 34.39 57.92 
4 33.06 52.90 
5 31 .24 47.60 
Upper Shell Unit 6 1 2.03 1 3.27 
Subunit B 7 1 7.39 48.39 
8 35.97 69.76 
Lower Shell Unit 9 1 0.91 20.54 
1 0  1 2.33 1 7.93 
1 1  20. 1 2  32. 1 9  
1 2  1 0.30 1 8.31 
1 3  1 0.50 1 1 . 99 
1 4  5.32 7.09 
Lower Horizon 1 5  3.43 5.49 
1 6  41 .63 41 .63 
1 7  1 03.53 1 78.39 
1 8  90.35 90.35 
1 9  1 5 .34 25.21 
Table 5.27 Widgingarri Shelter 2: bone weights (g) from the 6 mm sieve traction in Squares B and C by stratigraphic unit and spit. 
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One fragment of Wyulda squamicaudata, the Scaly­
Tailed Possum, was found in the Lower Horizon of Shel­
ter 1 of late Pleistocene age (Square A, Spit 1 5) (Table 5.25). 
As mentioned in the previous chapter, while the distrib­
ution of Wyulda is not known to take in this region of 
the coast, it has been recorded in the nearby Prince Regent 
River area (Burbidge 1 983 :  1 52). 
The Northern Brushtail Possum, Trichosaurus arnhem­
ensis, would also be expected in the general range of the 
shelters (Kerle 1 983: 149). One specimen was found in the 
Lower, late Pleistocene, Horizon of Shelter 1 (Square AA, 
Spit 1 7) .  
Three possum specimens in the Shell Horizon of Shel­
ter 1 were identified s imply as Phalangeridae (Square B ,  
Spits 2 and 1 2) (Table 5 .25).  
Marsupial carnivores (Fami lies Dasyuridae 
and Thylacinidae) 
The Northern Quol l ,  Dasyurus hallucatus, is common 
on the mainland today and was identified in the Koolan 
Shelter 2 assemblage . It is represented by two specimens 
from Widgingarri Shelter 1 ,  Square A, one in Spit 2, at 
the top of the Shell Horizon, the other in Spit 1 6, towards 
the top of the Lower Horizon of late Pleistocene date 
(Table 5 .25).  
Two jaw fragments of Thylacinus cynocephalus were 
recovered from Square AA at Shelter 1 ,  in Spits 1 2  and 
1 7 , respectively the third spit from the bottom of the 
Shel l  Horizon and perhaps mid-Holocene in age and the 
third spit from the top of the Lower Horizon of late Pleist­
ocene age (Prince 1 99 1 :50) . Kangaroos and wallabies 
were the main food source of this  now extinct carnivore 
and, as at Koolan Shelter 2, its presence in the assemblage 
may have implications for the origins of a proportion of 
the faunal material . 
Echidnas (Fami ly Tachyglossidae) 
One specimen of Tachyglossus aculeatus was identified 
at Shelter 1 (Prince 1 99 1 :75) ,  in Spit 1 8  of Square AA, 
which is  four spits down in the Lower, late Pleistocene, 
Horizon. The west Kimberley coast is included in the 
current distribution of this species (Augee 1 983 :8) .  
Rodents (Family Muridae) 
Muridae are common in most leve ls of both shelters 
(Tables 5 .25 and 5.26). Four species were identified among 
the remains at Shelter 1 :  the Large Rock Rat, Zyzomys wood­
wardi, which is common on the Kimberley coast in rocky 
grassed habitats (Begg 1 983b:388) ;  the Brush-Tailed 
Rabbit-Rat, Conilurus penicillatus; the Pale Field Rat, 
Rattus tunneyi (Baverstock 1 983 :45 1 ) ; and the Golden­
Backed Tree Rat, Mesembriomys macrurus. They occur 
towards the base of the Shell Horizon and in the Lower 
Horizon of late Pleistocene age. 
The specimens from Shelter 1 entered as Pseudomys/ 
Notomys in Table 5 .25 were represented by maxil la 
fragments with incomplete tooth rows. They were found 
in Square AA, Spits 14 and 1 6, respectively the base of 
the Shell Horizon (early Holocene) and the second spit 
of the Lower Horizon (late Pleistocene) .  
Snakes 
Five specimens, including two mandibles, were classified 
as belonging to the Boidae family, which includes all 
pythons and boas . They came from Shelter 1 ,  one from 
Square D in the upper part of the Shell Horizon (Spit 5) ,  
the rest from Square AA, in Spit 1 3 , the second above 
the base of the Shell  Horizon and early Holocene in age, 
and Spits 1 5  and 1 6, the top two spits of the Lower 
Horizon , of late Pleistocene date. 
Other snake elements were relatively abundant and 
occurred throughout the sequence in both shelters (Tables 
5 .25 and 5 .26). They were, however, mostly vertebrae 
and could not be identified further (Prince 1 99 1 :55) .  
Lizards 
Unidentified l izard bone was found, generally  in low 
numbers, throughout most of the sequence in both 
shelters (Tables 5 .25 and 5 .26). The following identifi ­
cations could be made . 
Skinks (Family Scincidae) 
Skinks were present in low numbers throughout most of 
the sequence in Shelter 1 (Table 5 .25), but confined to 
the Upper Shell Horizon in Shelter 2 (Table 5 .26) . While 
no definite identifications below family level were 
possible, some of the larger specimens are thought to 
belong to the genus Egernia (Prince 1 99 1  :55) .  
Dragons (Family Agamidae) 
Members of this family were only identified at Shelter 
1, where remains were well distributed throughout the 
sequence but not further identifiable  (Table 5 .25 ) .  
However, two mandible fragments of Fri l led Neck 
Lizard, Chlamydosaurus kingii, were found in Square 
AA, Spit 1 7 , the third spit of the Lower, late Pleistocene, 
Horizon, and Square D, Spit 4, towards the top of the 
Shell Horizon. 
Goannas!Monitors (Family Varanidae) 
Seven spec imens were identified as Varanidae , but 
further identification was impossible (Prince 1 99 1  :56) . 
They were all  from Shelter 1 (Table 5 .25) :  three in 
Pleistocene contexts (Square AA, Spits 17 and 1 8 , the 
third and fourth spits of the Lower Horizon; Square A, 
Spit  1 5 , the top spit of the Lower Horizon); two low 
down in the Shell Horizon and early Holocene in date 
(Square AA, Spit 1 3 , the second spit above the base of 
this horizon, and Square A, Spit 1 4 , the basal Shel l 
Horizon spit) ; and two high up in the Shell Horizon 
(Square B, Spits 2 and 4) . 
Turtles 
Since with one exception all turtle bone was found in 
the Shell Horizon at the two shelters, it could represent 
either marine or freshwater turtle. On the basis of size it 
is most l ikely that it belongs to marine species, but there 
was no further identification (Prince 1 99 1  :56).  
The bone came from the top few spits at both sites:  
at Shelter 1 (Table 5 .25) Spits 1 and 2 of Square AA, 
Spit 3 of Square A, Spits 1-4 of Square B ,  Spits 2 and 5 
of Square C and Spits 1 and 2 of Square D; at Shelter 2 
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(Table 5 .26) Spits 2 and 3 of Square C, which is Subunit 
A of the Upper Shell Horizon. 
The one older bone was found in Spit 1 3  of Square 
AA, the next to last spit of the Shell Horizon at Shelter 1 
(Table 5 .25). 
Crocodile (Family Crocodylidae) 
Crocodile remains were found sparsely in Shelter 1 :  four 
occurrences in the top spits of the Shell Horizon, Square 
D, Spits 1-3,  and Square AA, Spit 3; one in Spit 1 2  of 
Square AA, towards the bottom of the Shell Horizon, 
and one in Spit 1 7  of the same square, the third spit from 
the top of the Lower Horizon, which is of late Pleistocene 
date. 
Prince ( 1 98 1  :57) was unable to distinguish between 
marine and freshwater crocodile on the basis of the skeletal 
parts present. In view of the distance from the Widgin­
garri shelters to the coast at the time Spit 1 7  of Square AA 
was being laid down in Shelter 1 ,  the crocodile here is most 
l ikely to be Johnston' s  Freshwater Crocodile, Crocodylus 
johnstonii. 
Dingo ( Canis f amiliaris) 
A dingo tooth was found in the top of the Shell Horizon 
of Shelter 1 ,  in Spit 2 of Square A. It was probably orna­
mental as it has a hole drilled at the root and the enamel 
at the opposing end has been ground. 
Fish 
Fish remains are common in the upper spits of the Shel l  
Horizons of both Widgingarri shelters (Tables 5 .25, 5 .26 
and 5 .28). Only provisional identifications were made, 
as no comparative reference material from northern 
Australian waters was available in Western Austral ia. 
Five families of fish were identified. In order of prom­
inence these are Labridae (wrasses), Scaridae (parrotfish), 
Lutjanidae (sea perches and snappers) ,  Serranidae (rock 
cods and coral trout) and Acanthuridae (surgeonfish). 
The most commonly identifiable parts were the upper and 
lower pharyngeals. In Labridae, these are extremely dense 
Spit Square 
A B c D AA 
1 1 .75 0.94 0.56 2. 1 4  5.26 
2 0.94 1 .76 2.35 2.69 3 . 1 1 
3 0.56 3.65 6.00 4.34 0.96 
4 0 .06 0.70 2. 1 4  3.87 0.91 
5 0.54 0 . 1 1  1 . 1 7  1 .3 1  
6 - 0.08 - 0.01 -
7 - 0. 1 0  - 0. 1 9  
Table 5.28 Widgingarri Shelter 1 :  weights (g) of fish bone by square 
and spit. 
Widgingarri Shelter 1 
Location Scientific name Common name 
Square B, Spit 4a Oceanitinae Petrel 
and robust and are often found intact. Dentaries and mand­
ible fragments were recovered, but these were, by compar­
ison, poorly preserved. No otoliths were recovered and 
while post-cranial elements were abundant in all spits, 
few were identified. 
All individuals are quite small ,  which indicates exploit­
ation of the inshore reef areas . Suitable reef areas exist 
immediately offshore of Widgingarri Cove. As was argued 
for Koolan Shelter 2, the small s ize of the fish and the 
species represented suggest the use of either poisons or 
reef fishing with small spears, such as those used by women 
for reef fishing today (O 'Connor 1 989 for a description 
of this activity) .  Open water fishing using large spears 
or hook and l ine would select for larger individuals than 
those recovered from the archaeological assemblages. 
Birds and eggshell 
There are few bird remains in the Widgingarri shelters 
(Tables 5 .25 and 5 .26) , although, as at Koolan Shelter 2, 
bird eggshell occurs in small but consistent quantities 
throughout. Identifiable bird bone is confined to the late 
Holocene levels of both shelters (Table 5 .29). Where 
identification to species is only probable, a question mark 
appears in front of the species name. 
The Barn Owl probably used the site in the past as a 
roost and may have contributed some of the smaller terres­
trial fauna, such as rodents, to the deposits. The other 
three species, the cormorants and the petrel ,  definitely 
represent the remains of human predation. 
Eggshell fragments were found in the Pleistocene 
levels of the Lower Horizon of Shelter 1 in Square AA, 
where it was preserved by the carbonate-rich env iron­
ment, and in the upper part of the Shell Horizon in both 
shelters . The eggshell could not be identified. 
Implications of the faunal remains 
No information on season of occupation is forthcoming 
from the fauna and even interpreting the patterning of 
species presence and absence through the sequence is far 
from straightforward. Problems in using changing distri­
bution of fauna! species to interpret change in site environ­
ment are severe . For example, the presence of the B ilby 
might suggest more arid conditions, but spec ies ranges 
are known to have changed dramatically since European 
contact. Many of the records for species distributions do 
not include sub-fossil material , so the distribution maps 
themselves are an artefact of postcontact disturbance. 
The shelters contain remains of several potential non­
human predators including the thylacine, smaller dasyurids, 
dingo and ow 1. The problems of distinguishing other 
predators from human predation are dealt with in Chapter 
4 and will not be pursued here. However, the species 
Widgingarri Shelter 2 
Location Scientific name Common name 
Square B, Spit 1 Tyto ?alba Barn Owl 
Square C, Spit 3 Microcarbo me/anoleucus Little Pied Cormorant Phalacrocorax ?varius Pied Cormorant 
Square B, Spit 3 Phalacrocorax ?varius Pied Cormorant 
Table 5.29 Widgingarri Shelters 1 and 2: identified bird species by square and spit. 
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represented and the fact that a s ignificant proportion of 
the bone is burnt indicates humans as a primary predator. 
The shellfish, crab, fishbone and turtle are unequivocally 
human food remains.  
The Widgingarri faunas can best be summarised as 
diverse. The occupants of the two Widgingarri shelters 
exploited a wide range of terrestrial species during the 
Plei stocene . In the post-transgress ion l ayers , fi sh,  
crocodile and turtle appear in the assemblages as an 
addition to the terrestrial resources, which continue to 
be well represented throughout the Holocene (Prince 
1 99 1 ) . Spec ies  were brought from an extens ive 
catchment around the shelter, including freshwater, 
estuarine, coastal fringe and terrestrial environments, but 
there is no evidence for selective or spec ialised hunting 
in any of the se environments . The faunal assem­
blages would sit comfortably with the ethnographic 
picture of a base camp where men, women and children 
returned to the shelter with small amounts of their daily 
collection or catch. 
CONCLUSIONS 
The occupational sequence 
A hypothetical sequence for the occupation of the 
Widgingarri shelters has been constructed by combining 
the dates from the two sites.  On this basis the shelters 
were first occupied prior to 28,000 years ago, when they 
would have been over 70 km from the coast. The 
sequence indicates that the s i tes were abandoned 
approximately 1 9,000 years ago, when aridity was at its 
height. Unl ike the situation at Koolan Shelter 2, it is 
clear that in this  case abandonment was unrelated to the 
retrac t ion of the mari t ime env ironment ,  as the 
Widgingarri shelters were already a considerable distance 
from the coast when initially occupied. By 1 9,000 years 
ago they were several hundred kilometres inland and the 
faunal remains point to a ful ly  developed terrestrial 
economy with an emphasis on small to medium-sized 
mammals .  The presence of two pieces of marine shell 
in the Pleistocene levels of Square AA at Shelter 1 shows 
that there was contact with the coast at this time. How­
ever, the two shells in question, pearl shell (Pinctada sp.) 
and baler shell (Melo sp.) ,  which came from Spits 1 5  
and 1 7  respectively and were used for dating them, were 
important trade items in the Kimberley region in the late 
Holocene. A ground sea urchin spine was also found in 
a Pleistocene context (Square AA, Spit 1 5 ) at Shelter 1 
and must similarly have made the journey from the sea, 
lending support to the v iew that the shel l  in  the 
Pleistocene leve ls was traded in to be utilised. 
Why the region should have been abandoned around 
1 9,000 bp is unclear. Perhaps as water suppl ies became 
increasingly restricted the occupants of the region 
contracted their range to better-watered areas (O'Connor 
et al . 1 993) .  
Shelter 2 has a shell date from the base of the Shell 
Horizon of 7780±390 bp. It is  argued that the site was 
only reoccupied at this time, following its abandonment 
over 10,000 years earlier. The fauna in the Holocene levels 
comes from a diverse range of environments, both marine 
and terrestrial , indicating that the site functioned as a base 
camp. 
The artefactual sequence 
Only the artefacts from Shelter 2 were analysed in detail ,  
as only at  this site was there a dated sequence which 
spanned the introduction of point technology and to 
which the debitage analysis could be related. Most 
retouched/utilised artefacts were made on simple amor­
phous flakes or pieces. Additionally, the Lower Horizon 
contains ground flakes which derive from edge-ground 
hatchets. These have been recovered from Spit 1 7  of 
Shelter 1 ,  dated at 28,060±600 bp. The significance of 
this find lies not so much in demonstrating ever greater 
ant iqui ty for the edge-ground hatchet in northern 
Australia, but rather in i ts widespread distribution at this  
early date. The study area i s  located over 1 OOO km south 
west of the Alligator River area, where the first Pleistocene 
edge-ground specimens were reported by White ( 1 967) .  
Edge-ground hatchets are not found in southern or  central 
Austral ian sites in Pleistocene contexts. Their wide­
spread distribution in northern Australia at this early date 
suggests that there was already a clearly defined northern 
'culture bloc ' ,  with shared material culture traits . 
There is no change in the artefacts in the Lower Hori­
zon and throughout the early Holocene levels .  It is only 
with the appearance of the late phase point industry that 
there is a change in raw materials and a decrease in flake 
size, as well as a decrease in the proportion of cores or 
other debitage associated with manufacture. This late 
industry is not a replacement of what went before but an 
addition to it. There is no change to the earlier implements, 
which continue to be made in the same way and on the 
same materials. They are merely supplemented by points. 
No evidence for seed grinding was found in the excavat­
ions. The grindstones at the surface of Shelter 1 do not 
have depressions suggestive of seed grinding. They are 
most likely to have functioned as all purpose stones for 
grinding ochre and resharpening the ends of the bone or 
wire implements used in the final stages of pressure­
flaking (see Elkin 1 948 for a detailed description of this 
process and the implements used). No pieces of sediment­
ary stone with evidence of grinding were recovered from 
the deposit itself. 
The dates for the introduction of the point technology 
are earlier than those obtained previously from the wider 
Kimberley region and of the same order of antiquity as 
proposed for Amhem Land sites (White and O'Connell 
1 982: 1 1 9) . Few invasively flaked Kimberley bifaces 
were located in the shelter sites and all fal l  within the 
last 1 000 years . Ironical ly, it is Shel ter 2, with the 
smallest excavated volume and the smallest sample of 
points, which has provided a chronological framework 
for the new industry in the Kimberley. If excavation 
had been confined to Shelter 1 ,  it would have suggested 
its much later adoption in the west Kimberley than 
elsewhere in northern Australia. 
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It is argued that the increase in discard which takes 
place in the last 1 500 years cannot be directly,  or even 
indirectly, attributed to the introduction of points as it 
occurs 3500 years after that event. In view of the lack of 
dates for the Lower Horizon of Shelter 2, it  is not poss­
ible to assess artefact discard rates for the Pleistocene 
occupation. However, evidence that this was intensive 
comes from work on the clay mineralogy of the sedi­
ments at Widgingarri Shelter 1 ,  demonstrating that they 
were subjected to firing temperatures as intense as 
those in the uppermost spits of the Shell Horizon (Singh 
et al . 1 99 1 ) . 
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THREE SITES ON HIGH 
CLIFFY ISLAND 
INTRODUCTION 
This chapter describes the results of investigations at 
three sites, a rockshelter, an open site and the stone 
foundations of a house structure, on the largest of a cluster 
of small rocky islands about 80 km to the north east of 
Koolan Island, known col lectively as the High Cliffy 
Islands . These sit within 1 0  km of the mainland coast at 
the eastern, landward, end of the most extensive inshore 
reef on the Kimberley coast, which they share with the 
low, sandy Montgomery Islands to the west (Fig. 5 . 1 ;  
cf. Fig. 1 . 1 ) . The large rocky island on which the research 
was carried out is referred to here as High Cliffy Island. 
Together the islands centred on the reef are called the 
Montgomery Island group. 
The ethnohistoric and ethnographic sources report 
that the Montgomery Island group was the headquarters 
of a raft-using people, the Yawij ibaya, who were island 
based (Love in Tindale 1 974: 1 5 1 ;  Tindale 1 974: 147, 242) .  
My own consultants, Khaki Stumpagee, Sam Umbaggi 
and David Mowarjalai , also stated that High Cliffy Island 
was part of the country used by the Montgomery 
Islanders, whom they said moved between the larger 
sandy islands and the small rocky islands. There is no 
parallel elsewhere in Western Australia for such a group 
of small di spersed offshore is lands constituting the 
totality of a tribal domain. Indeed, Jones' ( 1 977 :326-7)  
survey of offshore islands in south eastern Australia 
suggested it  was unlikely that islands of this s ize could 
support year-round occupation, even presuming the 
inhabitants maintained contact with the mainland. 
Here, as distinct from Koolan, was a situation where 
offshore island exploitation required the possession of a 
stable and durable form of watercraft. Moreover, circum­
stances were favourable for its investigation. B lundell 
had visited High Cliffy Island (her s ite code CS- 1 )  and 
reported large surface scatters of artefacts, a chert quarry 
and several stone structures ( 1 975 : 1 53-8) .  She made 
random collections of artefacts from the surface of the 
island and emphasised the importance of the chert source. 
Khaki  Stumpagee and Sam Umbaggi knew of a rock­
shelter on the island, which they said had been a campsite, 
and they were agreeable to its excavation. The island 
was, in fact, the only one at any distance from the coast 
in  the study area where there was a rockshelter with 
potentially stratified deposit. The thorough survey of 
the is land which I undertook revealed a wealth of 
archaeological data, including three rockshelters, hundreds 
of stone structures and arrangements and several open 
sites, ranging from base camps to task-specific locations 
of turtle and dugong butchering.  Al l  these factors 
presented the opportunity of investigating not only the 
intensive use made of the island into the recent past but 
also the antiquity of such offshore island exploitation 
on the north west coast of the continent, together with 
its relationship to an intensified use of resources in general 
such as has been noted as coinciding with initial island 
use in eastern Austral ia (Bowdler 1 995; Rowland 1 983a; 
Sullivan 1 982a). 
THE ISLAND ENVIRONMENT 
High Cliffy Island lies 8 km west of the mainland at its 
closest point. Only 1 km long, north to south, and barely 
300 m wide, it is flat-topped, rising abruptly from the 
sea to a height of approximately 1 5  m. Geologically it 
is composed predominantly of quartz sandstone. Surface 
soils are poorly developed in most parts, supporting spinifex 
and stunted Eucalyptus/Acacia associations, although a 
high number of edible species has been recorded (Western 
Australian Herbarium records). As would be expected 
on such a small island, the terrestrial fauna is depauperate, 
comprising only a few species of small reptiles. No 
surface water was obvious on the island during the dry 
season of 1 985,  but permanent freshwater is available as 
soakage on the Montgomery Islands to the west . 
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The most remarkable natural feature of these islands 
is  the massive coral reef system which surrounds them. 
At low spring tide the reef connects several of the small 
rocky islands, including High Cliffy, to each other and 
only a narrow channel remains to separate them from 
the larger sandy Montgomery islands .  The combined 
landmass of all these islands at high tide is  less than 20 
km2, but at low tide, with the reef exposed, they cover 
about 1 30 km2 (Tindale 1 974:242) .  
THE ETHNOGRAPHIC BACKGROUND 
With such a small landmass, reports that the islands were 
home to a dialectally discrete group, the Yawijibaya people, 
who were exclusively island-based, comes as somewhat 
of a surprise (Tindale 1 974: 1 47) .  The records relating 
to the original inhabitants of the Montgomery group are 
contradictory and will  be examined in some detail as 
they are important to an understanding of the unique 
nature of site patterning, resource availability and artefact 
manufacture on H igh Cliffy Island (O'Connor 1 987).  
Accord i n g  to T i nda le  ( 1 9 7 4 : 1 47 ,  242 ) ,  the 
Yawij ibaya, whom he spel ls  Jaudj ibaia, were island 
dwellers who spoke a distinct dialect and had no regular 
or formal access to mainland territory . On this basis  
Tindale argued that they should be given separate tribal 
status. Tindale acquired most of his knowledge on thi s  
subject from correspondence with the Rev J .R.B .  Love 
who was resident in Worrorra country at Kunmunya 
Mission near Hanover Bay from 1927 until 1 940 (McKenzie 
1 969 :87,  1 56). Love ( 1 936: 1 36) was of the opinion that 
High Cliffy Island and the other islands in the wider 
Montgomery group had been home to the Y anj ibai 
(Yawijibaya) people. However, he noted that High Cliffy 
Island, which he called Lyalahu-nguru and identified as 
the ' sacred place of the Yanj ibai ' ,  ' had a cave right at 
the sea edge, in which are many paintings ' .  He reasoned 
that while his companions told him that the: 
Yanjibai l ived only on the Montgomery Islands, 
never on the mainland . . .  this cave shows two 
paintings of kangaroos, and the Wonjuna [sic] and 
other paintings are similar to the mainland caves, 
proving either that the Y anjibai artists visited the 
mainland or that mainland men visited the islands. 
(Love n . d . :68) 
Peter Lucich made studies of Worrorra, Wunambal 
and Unggarrangu kinship, marriage and language at 
Mowanjum Mission during 1 963� and also recorded a 
series of children' s  stories (Lucich 1 968, 1 969). In a 
story about a large and devastating flood that decimated 
the Montgomery Islander population, Lucich' s informant 
Mrs Elkin Umbagi records the name of the occupants of 
the Montgomery group as Jauidjabaija and the name of 
a small island they were travelling to as Njala ( 1 969:52-7) .  
Lucich states that the Yawij ibaya spoke a dialect similar 
to Worrorra ( 1 969 :56). From the translation of the flood 
story it would appear that the name Njala-njuru translates 
as 'towards ' Njala ( 1 969 :52). This story also mentions 
that when some Yawij ibaya shifted camp to Njala, others 
went on their rafts to Hall 's Point, on the mainland approx­
imately 25 km to the north in northern Worrorra country 
(Lucich 1 968:56), suggesting that they did have some 
form of access to mainland country. 
B lundel l '  s informants apparently told her that the 
Winawidjagu tribe occupied the Montgomery Islands 
( 1 975 :63 ,  96-8) and that they spoke a separate dialect 
from the Worrorra. She believed that the term ' sub-tribe' 
was more appropriate to describe them. Blundell 's consult­
ants thought that at least two clans of this group had 
estates on the adjoining mainland and at least two had 
estates on the islands. She records ( 1 975 : 1 53)  that High 
Cliffy Island itself belonged to a clan from the main 
Montgomery Islands, who gave it  the name of Ngalanuru 
(cf. Love ' s  Lyalahu-nguru and Lucich ' s  Njala-njuru), 
which she was told meant ' l ike a madman' .  Some 
information collected by B lundell is difficult to reconci le 
with that reported by other sources. For example, the 
name given to the islanders, Winawidjagu, is not referred 
to by any other source and the translation of the meaning 
of the name of H igh Cliffy Island is  at odds with that 
given by Lucich. It is possible that B lundell was recording 
the postcontact fusion of island and mainland clans .  
Tindale ( 1 97 4:242) writes that by 1 93 1  the few remaining 
members of the Yawij ibaya were being absorbed into 
the Atpalari clan of the mainland Worrorra. B lundell ' s  
principal consultant told her that he  visited High Cliffy 
with his grandfather in the 1 920s to attend a ' school ' 
which the islanders ran to teach young boys 'how to 
exploit the abundant marine resources of the area '  
( 1 975 :96). This and other information she provides about 
resource use suggest  regular contact between the 
mainland and the islands. In  view of this ,  it is interesting 
that Blundell ( 1 975 :63, 96-8) suggests that the Montgomery 
Islanders did not follow the asymmetrical exogamous 
system of wife exchange between ' tribes ' that was 
normative for mainlanders (see Lucich 1 968 for details  
of kinship) but rather practiced direct or restricted 
exchange of w ives between their own island clans. If 
true, this would tend to support the view of Love and 
Tindale that they were a discrete group. 
My own consultants, Khaki and Sam, stated that the 
Yawij ibaya were a distinct group, even to a difference 
in physical appearance, who lived on the islands but 
spoke a language similar to W orrorra. I was told of many 
raids made by the islanders on the coastal W orrorra and 
of reciprocal raids made by the Worrorra on the islanders. 
The purpose of the raids was not always c lear but often 
appeared to involve taking women and to have resulted 
in bloodshed. 
HIGH CUFFY SHELTER (HC-1) :  THE 
SITE AND ITS INVESTIGATION 
Three shelter s ites were located on the island, of which 
one was excavated under the name of High Cliffy Shelter. 
This was distinguished from the other two shelters by 
the quantity of l ithic and organic materials on its surface. 
Both of the other shelters had floors paved with slabs of 
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ripple sandstone, which must have been transported from 
the top of the island . Although a great deal of effort had 
been expended to pave the living areas, there was l ittle 
to attest to the day-to-day activities of the occupants and 
no evidence of extensive artefact manufacture as was 
seen in High Cliffy Shelter. One of the other shelters was 
known to have previously been a storehouse for sacred 
objects. 
The excavated shelter, on the north end of High Cliffy 
I s land, is undoubtedly the one described by Love 
(n.d. :68) .  The entrance faces north west out to sea and 
overlooks the northern edge of the reef that surrounds 
the is land (Figs 6 . 1 and 6 .2) .  Access to the s ite i s  
extremely difficult from above, involving a steep and 
tortuous descent, but it is easily approached from the reef 
at low tide or by boat when conditions are calm. The 
living floor of the shelter, approximately 35 m2 in area, 
is well-protected, as the roof substantial ly overhangs the 
l iving area (see Figs 6 .3  and 6.4 ). Since the shelter 
entrance is only about 4 m above the level of the spring 
tides, it is  surpris ing that the surface of the deposit 
showed l i ttle evidence of disturbance, especial ly  as 
during the cyclone season the winds come from the north. 
The shelter contains a few faded paintings, including 
a representation of a turtle, a macropodid and an indistinct 
Wandj ina figure . Figure 6.3 shows the approximate 
position of the art on the shelter walls. No record of it 
was attempted beyond photography. On the north east 
side of the shelter, on a small overhanging ledge separate 
from the main shelter, there were two secondary burials, 
wrapped in paperbark and secured with either boab or 
hair string. The burials conform with secondary burial 
practices as recorded at contact in the west Kimberley 
(Love 1 936: 1 58-60) . They were left intact. 
Shelter 
HC - 1  
Sandstone 
HIGH CUFFY ISLAND 
Archaeological Sites 
with low splnifex cover 
(Schematic representation - not to scale) 
Figure 6.2 High Cl iffy Island: a schematic representation showing 
the approximate position of the three excavated sites, 
High Cliffy Shelter (HC-1 ) , High Cliffy Stone Structure 
(HC-2) and High Cliffy Open Site (HC-3) . 
Figure 6.1 View of High Cl iffy Shelter from adjacent reef, looking south east. The shelter talus l ies directly above the dark high tide mark on 
the quartz sandtone boulders. 
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Excavation and stratigraphy 
The excavation of a 2 x 1 m test pit (Squares A and B)  
established that the cultural deposit had a maximum depth 
of 20 cm. In order to obtain a larger sample of cultural 
material the excavation was expanded to include Squares 
C, D and E. 
. 
The deposit comprised an upper layer of greyish 
brown sand (Munsell l OYR 5/2), which contained char­
coal, bone, shell and a wealth of stone artefacts, and an 
High Cl iffy Shelter 
N 
0 2 
metres 
A - A1 
underlying layer of l ight grey sand (Munsell l OYR 7 / 1 ) ,  
containing shel l  but l ittle charcoal and bone (see south 
section, Figure 6 .3) .  Overall there was proportionately 
less cultural material to sediment volume in this level 
than in the level above .  The smaller quantity of organic 
material in the lower layer is thought to account for its 
l ighter colour. This layer overlays yellow sand (Munsell  
1 OYR 7 /8) ,  which contained lumps of decomposing 
bedrock. Some cultural material was found in  the top of 
81 - B 
0 2 
metres 
c B 
Hearth 
A 
=:1 � ���� ! �� 
South Section 
--��§iiiiii!l===:::;::::L;�������==1. - 3 - 4 - 321 0  ± 1 00 
D 10 YR 5/2 greyish brown sand 
EZJ 10 YR 7/1 light grey sand 
� 1 O YR 7/8 yellow sand with decomposed bedrock 
0 0.5 
metre 
0 Shell 
� Bedrock I boulders 
5 
Figure 6.3 High Cl iffy Shelter: plan and sections of site and excavation. 
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Figure 6.4 High Cliffy Shelter: view over the excavation , looking south east. 
this layer, so excavation was continued into the weather­
ed bedrock below. The cultural material was, however, 
confined to the top 3 cm of the yellow sand and is likely 
to have been trodden into the top of it when the site was 
initially occupied. 
There was little variation in pH throughout the deposit, 
with readings of 8.5 at the surface and 8.0 beneath this. 
It is probable that the high alkalinity relates to the large 
number of shells in all cultural levels.  No discrete activity 
areas were visible, although the deposit was banked up 
slightly against the rear wall of the shelter. The material 
here was well protected, as small pieces of bark, wood 
shavings and feathers had a fresh appearance. In contrast, 
the deposit towards the front of the shelter and outside 
the dripline contained only the more durable organics 
such as shell and bone and the shell was weathered in 
appearance. The deposit at the entrance was slumping 
into the sea below the shelter. Superficial channel ling 
on the surface of Square A indicated that some water 
enters from a northerly direction. 
General ly,  excavation proceeded in spits vary ing 
between 2 and 5 cm within the stratigraphic divisions 
di cussed above. Features such as the hearth in Square 
B and the white ashy layer in Square A (Fig. 6.3) were 
removed and bagged separate ly  and rec orded as 
subcomponents of the main spits. Spit lA in Square A 
comprised a consolidated raised area of sediment and 
cultural material approximately 1 .5 cm deep extending 
over the north eastern part of the surface of the square. 
It does not appear in the section drawing in Figure 6.3 as 
it did not extend to the south wall . Although this layer 
appeared in all respects to be the same as Spit 1 ,  it was 
removed separately, as I was uncertain whether it represent­
ed a mixed horizon which might combine recent material 
from the surface with older material from Spit 1 or was 
the same age as Spit 1 .  
Spits 1 and 2 fall into the upper layer of greyish brown 
sand. Spits 3 and 4 make up the underlying light grey sand. 
Spit 5 is the yellow sand consisting of lumps of decom­
posing bedrock (Fig. 6 .3) .  This spit was up to 25 cm in 
depth but, as already mentioned, cultural material was 
only recovered in the top 3 cm. 
DATING 
Three dates were obtained on samples from Square A, 
which contained the most lithic material, and these are 
set out in Table 6. 1 (cf. Appendix 1 ) . 
The dates were run on marine shell (Turbo cinereus) 
because of insufficient charcoal in the square. 
A single glass flake was recovered from the 3 mm 
sieve fraction of Spit 1 ,  Square A, indicating that the 
site had been used in the postcontact period, a conclusion 
consistent with the fresh appearance of the bark, wood 
and feathers on the surface at the back of the shelter. It 
was felt desirable to have a date for Spit 2 as the increase 
in cultural debris towards the top of the site was marked. 
The result obtained, 27 40±50 bp, was unexpected both 
in respect of the surface evidence and of the radiocarbon 
date for the basal deposit of Spit 4, 32 1 0±100 bp. A sample 
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submitted for dating from Spit 1 ,  which gave an age of 
2620±50 bp, did not c larify the s ituation. 
It seems unlikely that there was an early period of 
occupation beginning at or prior to 3200 years ago and 
lasting for some 700 years, after which the site remained 
unvisited until the European contact period. The small 
s ize of the island and the large number, richness and 
diversity of the sites on it would argue against one of its 
three only rockshelters being unused over so long a 
period. It is possible, of course, that it was not simply 
the s ite but the island itself that was unvisited for 2500 
years before European contact. A pattern of early occu­
pation separated by a hiatus from later, more intensive 
occupation has been identified on several small islands 
in eastern Australia. There, however, the early dates relate 
to an extremely insubstantial presence (Bowdler 1 995 ; 
Rowland 1 982a), while at High Cliffy Shelter the deposit 
is extremely rich in all types of cultural material . Also it 
would seem improbable that an early occupation of only 
some 700 years would have left such a widespread and 
diversified archaeological signature on the island as a 
whole. 
As an explanation for the distribution of the dates at 
the shelter, it is possible to suggest that the deposit was 
removed by natural agents or cultural processes.  As 
noted above, the site is very close to the high spring tidal 
stand and were it not for its relatively protected posit ion 
behind the reef, the presence of any deposit at all would 
be surprising. Although specific evidence for the study 
area is lacking, there is some evidence from other parts 
of northern Austral ia that sea level may have been up to 
1 .5 m higher than present between 4500 bp and 3000 bp, 
only stabil is ing after this time (Rowland l 983a:7 1 ) .  
Given the height of  the shelter above the spring tidal 
level today, it is conceivable that such a ri se may have 
been sufficient to remove earl ier ev idence of human 
occupation. This scenario would account for the lack of 
deposit prior to 3200 bp, but not for the dearth of cultural 
material in the last 2500 years . 
In historic times a tidal wave has been reported for 
Bentinck Island in which the sea level rose 1 2  m above 
its normal maximum high stand and inundated most of 
the surface area of the island (Tindale 1 962) and a similar 
situation is not i nconceivable on High Cliffy . Less 
cataclysmic, though perhaps more destructive, may have 
been heavy rains or storm surges during the wet season. 
As the shelter faces north towards the wet season winds, 
it is possible that the excavated deposit has only survived 
because it l ies in a s l ight natural depression in the 
weathered bedrock which forms the original shelter floor. 
Though there is no indication of non-cultural material 
l ike coral fragments or shel l  grit that might be expected 
on the shelter floor in such c ircumstances ( cf. Hughes 
and Sullivan 1 974), the fact that the deposit can be seen 
slumping from the front of the shelter into the sea testifies 
to its vulnerability. 
People may be equally effective agents in  removing 
cultural material from sites. Meehan has documented con­
temporary hunter-gatherers 'c leaning up ' shellfi sh and 
other debri s in this way : 
At regular intervals, every week or two, the entire 
camp area is cleaned up with rakes, sticks or feet. 
The rubbish is dumped in various places around 
the periphery of the hearth complex, usually in 
areas that are un important for use and access 
( 1 982: 1 1 4) .  
Large quantities of material need not  be removed at  any 
one time, but regular maintenance of this sort would prevent 
the build up of more recent material . Obviously, if some 
agency has been responsible for removing the upper 
layers of the deposit at High Cliffy Shelter, it has left the 
lower material intact, because the dates demonstrate that 
the deposit has not been reworked. 
CHARCOAL WEIGHTS 
Most charcoal occurs in Square C towards the back of 
the shelter and the least in Square A nearer the front, 
where conditions are less protected and organic materials 
less l ikely to survive. Charcoal drops off dramatically 
below Spit 2 (Table 6.2).  
SEDIMENT ANALYSIS 
Sediments were analysed as it  was thought that this 
might shed some l ight on why the site contained no recent 
deposit. In summary, the results of the analysis suggested 
no discontinuity. A sediment sample from each excavation 
unit within Square A was analysed. The samples were 
obtained and treated using the methods outl ined in  
Chapter 4.  The results of the particle s ize analysis are 
shown in the histograms of Figure 6 .5 .  
The three lower spits only separate from the upper 
spits in the coarse phi fractions, indicating that the 
differences are probably due to a greater proportion of 
roof fall in the lower spits . This can be seen in the break­
down of the composition of solid samples in Figure 6.6, 
where the proportio11 of rock increases markedly after 
Spit 2. 
Laboratory no. Square Spit Depth below Sample material Conventional age 
surface (cm) (years bp) 
Wk 1 286 A 1 0-5 marine shell 2620±50 
Wk 1 257 A 2 5- 1 0  marine shell 2740±50 
Wk 1 096 A 4 1 5-20 marine shel l  321 0±1 00 
Table 6.1 High Cl iffy Shelter: radiocarbon dates. 
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Spit Square Raw charcoal Charcoal weight 
A B c D E weight adjusted for volume 
1A 1 1 .82 
1 24.81 1 08.95 1 79.72 1 7.82 53.76 399.29 499. 1 1 
2 1 . 1 6  56.92 1 06.05 64.94 22.75 251 .82 455.79 
3 0.00 2. 1 6  50.51  0.00 6.61 59.28 99.00 
4 0.00 0.00 0.91 0.91 0.91 
Total 37.79 1 68 .03 337. 1 9  82.76 83. 1 2  
Table 6.2 High Cl iffy Shelter: charcoal weights (g) by square and spit. 
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Figure 6.5 High Cl iffy Shelter: particle size distributions in Square A by spit. 
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Figure 6.6 High Cl iffy Shelter: percentage composition by weight 
of bulk samples in Square A, by spit. 
DIVISION OF THE DEPOSIT 
FOR ANALYSIS 
Because of the shallow depth of the deposit and the short 
time span represented, spits have been used as arbitrary 
units of analysis. In most instances data from each spit 
are presented separately by excavation square or com­
bined for all squares. Where comparative analysis of 
material is  undertaken between spits, Spit lA has been 
excluded from the analysis, treated as a discrete unit of 
analysis or grouped with the material from Spit 1 .  
HIGH CUFFY SHELTER: THE 
STONE ARTEFACTS 
The most striking feature of the H igh Cliffy Shelter 
artefactual assemblage is  the sheer quanti ty of l ithic 
material found in all spits, except the lowest cultural unit, 
Spit 5,  and the low number of retouched or utilised pieces. 
The large quantity of material , its apparent homogeneity 
and the brief time period spanned by the assemblage 
meant that a representative sample would be adequate 
for the debitage analysis. All material from one excavat­
ion square, Square A, was analysed. Material from Spit 
I A  was excluded from the analysis as it was not known 
how it relates to the other material chronologically. It 
could conceivably represent a mixing of material of the 
same age as Spit 1 with more modem material . The 
difference between the totals in Table 6.3 and Table 6.5 
is due to exclusion of cores from the raw material analysis. 
Raw materials 
Although six different raw materials are represented, one, 
chert, is dominant throughout the sequence (Table 6.3) .  
This is present in two forms, structured and unstructured, 
the difference between which is that the former has small 
inclusions in the cherty matrix (Appendix 6). Other raw 
materials represented in small quantities include quartz­
cemented sandstone, quartz, l imestone and basalt. All 
the raw materials are available on the island, with the 
30,000 Years of Aboriginal Occupation :  Kimberley, North West A ustralia 1 0 1  
Chapter 6 Three sites on High Cliffy Island 
Spit Unstructured chert Structured chert Other Total no. 
no. % no. % no. % 
1 1 074 90.03 70 5.87 49 4. 1 1  1 1 93 
2 350 86.00 9 2.21 48 1 1 .79 407 
3 306 85.47 24 6.70 28 7.82 358 
4 80 71 .43 0 0.00 32 28.57 1 1 2 
5 9 1 00.00 0 0.00 0 0.00 9 
Table 6.3 High Cl iffy Shelter, Square A: numerical and percentage occurrence of different raw materials by spit. 
Spits Total DF Contingency p 
chi-square coefficient 
1 and 2 37.422 2 0. 1 51 0.0001 
2 and 3 1 1 .943 2 0. 1 24 0.0026 
1 and 3 8. 1 78 2 0.072 0.0 1 68 
Table 6.4 High Cl iffy Shelter: chi-square results of the comparison 
of raw material counts by spit. 
exception of basalt, for which no sources were located. 
Its extremely low proportional representation suggests 
that it was imported from the mainland. Quartz, also 
recovered in very small quantities, is possibly derived 
as inclusions in the quartz sandstone and chert seams 
(Appendix 6). Al l  quartz flakes in the analysed square 
were extremely smal l ,  which would not be incompatible 
with such an interpretation. 
Both unstructured and structured chert have very 
similar petrological characteristics (Appendix 6) and 
could have been combined for analytical purposes .  They 
were separated because unstructured chert artefacts so 
outnumbered those of structured chert as to suggest that 
the structural inclusions of the latter affected flaking 
properties. Alternatively, it could simply be that the 
materials are represented in the proportions in which they 
naturally occur. Both the unstructured and structured 
cherts were predominantly translucent grey grading to 
opaque white, although occasional pieces of brown, red, 
yel low and pink chert were recovered. 
The limestone occurred as cortex adhering to the chert 
and occasional pieces acquired artefactual characteristics 
in the process of cortex removal . The metamorphosed 
sandstone varied from extremely fine-grained to coarse­
grained and had the same colour range as the chert . Very 
little of this material was recovered from the High Cliffy 
Shelter assemblage. 
As can be seen in Table 6 .3 ,  with the exception of 
Spit 5 at the top of the basal sand, which contains few 
artefacts, there appears to be a gradual increase in the 
relative importance of unstructured chert and a con­
comitant decrease in  the use of other raw materials 
through time. These differences are statistically signific­
ant (Table 6.4) . In Spit 4 other raw materials account 
for more than 28 % of artefacts, whereas in Spit 1 in the 
upper unit of grey sand they account for less than 5%.  
Even between Spits 3 and 4 the difference in the ratio of 
unstructured chert to other raw materials is significant 
(chi-square 29.36, p=0.000 1 ) . In view of the limited 
time period spanned by the H igh Cliffy assemblage, 
interpreting this  trend is problematic,  although it is  
possible that we are witnessing greater reliance on locally 
available materials or greater emphasis on material with 
predictable flaking characteristics over time. 
Debitage and cores 
The debitage analysis  also demonstrated significant 
changes in  the cultural assemblage through time. 
Although not technical ly debitage, cores are included 
in Table 6 .5 .  As only one bipolar flake was recovered, 
this class is excluded from the table. Clearly Spit 1 has 
a substantial ly lower proportion of debris compared to 
other debitage categories than the lower spits . 
Again, the limited time spanned by the assemblage 
makes interpretation difficult, but the substantial decrease 
in debris in the top spit, combined with the lower ratio 
of cores to whole flakes, is consistent with more intensive 
core reduction. 
Retouched/utilised flakes, flake fragments 
and broken flakes 
The proportion of retouched/util ised artefacts in all spits 
is extremely low (Table 6.6), except for Spit 5 ,  where, how­
ever, the statistic is not meaningful because of the small 
number of artefacts there. All the 62 retouched/uti l ised 
pieces recovered, excluding points and partial points, 
were made on either flakes,  broken flakes or flake frag­
ments . Forty-nine (79.03%) are of unstructured chert, 
1 1  ( 1 7 .74%) of structured chert and two (3 .22%) of other 
materia ls .  These figures possibly indicate a s l ight 
preference for structured chert for modification, as this 
raw material occurs in higher proportions in the modified 
c lass than in the general assemblage. 
Spit Flakes Broken flakes Flake fragments Debris Cores Total 
no. % no. % no. % no. % no. 
1 336 27.77 1 99 1 6.45 41 5 34.30 243 20.08 1 7  
2 97 22.93 67 1 5.84 89 2 1 .04 1 54 36.41 1 6  
3 87 23.71 38 1 0.35 1 1 5  31 .34 1 1 8  32. 1 5  9 
4 2 1  1 8.42 1 1  9.65 28 24.56 52 45.61 2 
5 3 33.33 3 33.33 2 22.22 1 1 1 . 1 1  0 
Table 6.5 High Cliffy Shelter: numerical and percentage composition of the stone assemblage in Square A by spit. 
1 02 30,000 Years of Aboriginal Occupation : Kimberley, North West Australia 
% no. 
1 .40 1 21 0  
3.78 423 
2.45 367 
1 .75 1 1 4 
0.00 9 
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Spit Unmodified Modified % Modified 
1 1 2 1 0  23 1 .90 
2 423 6 1 .42 
3 367 6 1 .63 
4 1 1 4 1 0.88 
5 9 1 1 1 . 1 1  
Table 6.6 High Cl iffy Shelter: numbers and of retouched/ uti l ised 
artefacts in Square A by spit. 
Like the retouched artefacts from the Widgingarri 
shelters, those from High Cliffy Shelter are small and 
unstandardised in shape . Of the 3 1  retouched whole 
flakes, the largest measures 43. 1 0  mm x 44. 1 9  mm x 
1 6. 1 0 mm and most are considerably smaller. 
Points 
The only typological ly distinctive modified artefacts 
found at High Cliffy Shelter were points . Nineteen com­
plete or partial points were recovered from the excavation. 
These points evince no ev idence of spec ialised pro­
duction in that they are unstandardised, being irregular 
in shape and size as well as few in number. The number 
of points with intact platforms was too few to enable an 
assessment of technological variabil ity to be made. 
Almost all the points were recovered from Square A, 
closest to the shelter entrance, and most derive from Spit 1 
(n= 1 3). All are of locally available raw material . Most 
were made on unstructured chert (n= 1 5, 78 .95%) and 
bifacially retouched (n= 1 3 , 68.42%). The proportion 
made of structured chert is higher than in the overall 
assemblage analysis (n=3, 1 5 .79% ), but similar to the pro­
portion for the retouched/utilised pieces. As with the 
retouched pieces, this probably indicates preferential 
selection of structured chert. From an examination of 
examples with partial or intact platforms, it appears that 
the points were made on irregular flakes .  No points made 
on true blades were recovered (for a definition of blade 
refer to Appendix 3 and Flenniken and White 1 985) .  
One biface is  even made on an obliquely oriented flake. 
This artefact, like most of the others, appears to have 
been discarded before final thinning and edge preparation 
were undertaken. In this case attempts to thin the margin 
by removing the platform had been unsuccessful . The 
smallest of the complete points is bifacial ly worked and 
its maximum dimensions are 23 .22 mm x 1 4 .3 1 mm. 
The attributes recorded for the H igh Cliffy points are 
the same as those recorded for the Widgingarri points . 
The data are presented in Table 6.7 .  Where the platform 
had been removed by retouch, the longest axis was meas­
ured as the length of the artefact. In a few cases bifaciall y 
retouched fragments were recovered where it was not 
possible to determine what section of the point they 
represented or the position of the original platform. They 
have simply been called bifacial pieces.  
Debitage analysis and artefact measurement 
The large quantity of unretouched flakes and debris seemed 
at odds with the economic ev idence in the shelter which 
indicated that it had functioned as a generalised campsite. 
It suggested that the site may once have contained a seam 
of chert which was now exhausted, or at least that the 
shelter was c lose to such a seam. All accounts of quarry 
stone reduction areas describe the large amount of waste 
material produced. Gould et al . ( 1 97 1 )  observe that a person 
can generate as many as 200 flakes for each flake act­
ually chosen for removal . The small number of formal 
tools would also fit this  interpretation. 
In an attempt to ascertain the function of the site by 
an analysis of the general artefact assemblage, flake 
length, width, breadth and several nominal variables were 
recorded. The nominal variables included cortical index 
and the type of dorsal scars , whether parallel or converg­
ing. The percentage of cortex on a flake is a useful way 
to determine to what extent cores were reduced and 
whether or not flakes were removed from a site for further 
reduction elsewhere at a particular stage of the reduction 
sequence (Torrence 1 986 :208) .  Primary flakes are 
defined as those with cortex but no negative flake scars 
on their dorsal surface.  Secondary flakes are those with 
cortex and one or more negative flake scars and tertiary 
flakes have no cortex and more than one negative flake 
scar. These attributes were recorded on a sample of 
whole flakes from Square A, Spit 1 (n=293).  As the site 
postdates the introduction of points on the mainland, as 
established in Chapter 5, and there is no reason to believe 
that there was a change in technology during its short 
period of occupancy, the flake population from a single 
spit should constitute a representative sample. For the 
sake of consistency measurements were made only on 
unstructured chert flakes .  
The distribution of flakes in Spit 1 indicates that most 
are between 0.5 and 2 cm in length (Fig. 6.7) .  In view of 
the fact that only the material from the 6 mm sieve fraction 
was included in the analysis, the distribution appears 
normal and does not indicate the selective removal of 
flakes of any size class. In terms of the cortex index, they 
represent a continuum from primary through to tertiary 
flakes in roughly the expected ratios from core reduction 
(Fig. 6 .8) .  While there are fewer primary flakes than 
might be expected at a quarry site, the number of flakes 
with cortex is not inconsistent with initial reduction 
elsewhere and secondary reduction within the shelter. 
Examination of the platform characteristics of the 
flakes suggested that there were few thinning flakes in 
the assemblage. Few flakes had any evidence of facetting 
or damage from grinding such as is often detectable on 
the platform of thinning flakes .  Furthermore, the fact 
that there are few broken blanks or points resulting from 
unsuccessful attempts at thinning suggests that point 
production was at best a casual affair. 
As unstructured chert is so plentiful in the immediate 
vicinity of the site, the shelter may well have functioned 
as a reduction area after initial decortification had taken 
place elsewhere. To test this, I counted the number of 
cores and flakes. There is a very low ratio of cores to flakes 
at the site (Table 6.5) .  This suggests that cores were 
either left at the location of initial decortification or 
removed from the site .  An examination of the cores 
showed that they are extremely unstandardised. They 
include both single and multiplatformed cores and no 
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Figure 6.7 High Cl iffy Shelter: histogram of flake lengths for Spit 1 .  
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Figure 6.8 High Cliffy Shelter: cortical index of flakes from Spit 1 .  
standard sequence of reduction i s  evident on them. No 
blade cores were recovered. 
Furthermore, the proportions of the flakes indicated 
that there was neither blade manufacture nor selective 
removal of flakes within a particular size category or 
reduction stage. This was the conclusion of an examin-
Spit Part Position of retouch Type of 
retouch 
surface complete right/left margin step, scalar 
1 tip right/left margin scalar 
1 butt right/left margin scalar 
1 butt bifacial invasive 
1 complete bifacial invasive 
1 complete bifacial invasive 
1 tip bifacial invasive 
1 butt bifacial invasive 
1 butt butt, right/left margin invasive 
1 unknown bifacial invasive 
1 butt bifacial invasive 
1 complete right/left margin step, scalar 
1 complete bifacial invasive 
1 complete bifacial invasive 
2 complete bifacial invasive 
2 unknown right/left margin scalar 
2 butt bifacial invasive 
2 complete bifacial invasive 
3 unknown bifacial invasive 
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Figure 6.9 High Cl iffy Shelter: flake elongation in Spit 1 .  
ation of flake morphology. Specialised flake production 
might be expected to result in standardisation of flakes 
(e.g. Torrence 1 986: 1 57, 1 97-8). An elongation index was 
obtained by dividing width by length. As can be seen in 
Figure 6.9, there were few blades in the sense of flakes 
with length twice the width or having parallel/converging 
dorsal ridges.  In fact, flakes were extremely irregular. 
Of the 293 whole flakes measured, only five were twice 
as long as they were wide, with an elongation index of 0.5 
or less. 
Summary of the stone industry 
The High Cliffy Shelter s ite contains a low proportion 
of retouched/util ised pieces and a large quantity of debris 
and flakes. This debitage pattern is characteristic of 
quarry sites . Although no chert seams are visible in the 
shelter today, it is possible that it had contained a now 
exhausted chert source. The analysis of a sample of 
flakes from Spit 1 (n=293) indicated that there were fewer 
primary flakes than would be expected if the site was a 
Material Platform Overhang 
removal 
structured chert present absent 
unstructured chert 
unstructured chert removed by retouch 
unstructured chert removed by retouch 
structured chert absent 
unstructured chert removed by retouch 
unstructured chert 
unstructured chert removed by retouch 
unstructured chert present present 
structured chert removed by retouch 
unstructured chert removed by retouch 
quartz sandstone present present 
unstructured chert present present 
unstructured chert removed by retouch 
unstructured chert removed by retouch 
unstructured chert 
unstructured chert present 
unstructured chert present present 
unstructured chert 
Table 6.7 High Cliffy Shelter: attributes recorded for points, intact and broken. 
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primary reduction area. Additionally, there were too few 
cores recovered to account for the number of flakes. 
Even assuming that cores were being removed to another 
part of the island or off it, this  would not account for the 
low number of primary flakes. 
From this I argue that initial reduction took place 
elsewhere, with most cores and primary flakes being dis­
carded at the primary reduction area. Secondary and 
tertiary flakes, together with occasional cores, were carried 
into the shelter for general use in the everyday subsist­
ence activities in evidence in the deposit. The large quantity 
of raw material is probably best explained by the abund­
ance of chert on the island and the ready proximity of 
the shelter to sources. 
The morphology of the flakes in the shelter indicates 
that there was no special ised flake or blade production. 
The unstandardised nature of the points also suggests 
that point production was engaged in on a casual basis 
using locally available raw material. Why points , which 
are presumed to have been hafted as projectiles and used 
for hunting game, should have been made at all on an 
island with no terrestrial fauna remains an open question. 
It is possible that these artefacts were produced in  
preparation for occasional trips to the mainland. 
HIGH CLIFFY SHELTER: ARTEFACTS 
OF ORGANIC MATERIALS 
Bone artefacts 
Three bone fragments with striations and polish were 
recovered from Square A. All pieces are small and one 
is also extremely charred. It was difficult to determine 
the form of the original implements . 
Two pieces from Spits 1 and 2 were made on dense 
Platform 
faceting 
absent 
Platform 
length 
5.73 
Platform 
width 
4.96 
Flake 
length 
29.72 
bone which, judging by the thickness of the shaft, is 
probably macropodid long bone. The piece from Spit 2 
was heavily charred and weighed less than 0.5 g. The 
exposed facets of both these fragments had been heavily 
ground and have marked striations on them. The outer 
shaft surface is also striated. These may be fragments of 
indenters l ike those found at the Widgingarri shelters 
and illustrated in Figure 5 . 1 7  of the previous chapter. 
The third piece, found in Spit 1 ,  is much finer in cross­
section and could possibly be bird bone, but the s ize and 
condition of the piece precluded a firm identification. This 
fragment is polished and has a few striations on the shaft. 
Hair string 
Two small sections of hair string were found in Spits 1 
and 2 of Square C, towards the back of the shelter. The 
best preserved example is finely twisted and includes a 
knot . Both sections are less than 2 cm in length. No 
identification of the hair was attempted. 
Shell artefacts 
Baler shell artefacts are common to the south of the study 
area on Dampierland (Akerman 1 975b) . One was 
identified in  Koolan Shelter 2 (Chapter 4). Pieces of 
retouched clam shell have been recovered from coastal 
shell  scatters at North West Cape (Morse 1 996: 1 4). For 
this reason all fragments of baler shell (Melo amphora) 
and clam (Tridacna sp. )  were examined for evidence of 
retouch or polish. None demonstrated unequivocal evi­
dence of modification. No fragments of Geloina coaxans 
were found in the H igh Cliffy excavation, as they were 
at the Koolan and Widgingarri sites.  Presumably this 
species was unavailable in the l imited mangrove habitats 
found around the island. Despite the availabil ity of both 
baler and clam close to the site, stone appears to have 
been the preferred raw material in this area where supplies 
of good quality were abundant. 
Flake 
width 
1 2.39 
20.70 
Flake 
thickness 
3.48 
8.70 
Retouch 
angle 1 
73° 
65° 
Retouch Retouch 
angle 2 angle 3 
70° 
60° 
23.22 1 4.31 6.63 
absent 
absent 
absent 
Table 6.7 cont. 
20.54 
1 5.52 
8.02 
9.34 
6.46 
3.42 
5. 1 3  2.62 
1 1 .67 4.77 
35.32 
23.01 
37.44 
45.63 
24.44 
1 9.55 7.54 84° 
46.56 6.91 
1 9 .29 7.22 
1 9 . 1 4  6.91 
1 3.52 5.34 
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HIGH CUFFY SB:EL TER: 
PLANT REMAINS 
In view of the exposed position of High Cliffy Shelter, 
the preservation of plant remains was not expected and 
only four seeds were found. Three are from Terminalia 
petiolaris, which is recorded as an economically import­
ant plant of which the soft outer fruit around the seed is  
eaten. The species is  found on High Cliffy Island (Western 
Australian Herbarium Specimen 9892). Two Terminalia 
petiolaris seeds were preserved in Spit 1 of Square B ,  
the third in Spit 3 of  Square C .  There is no doubt, as 
there is with seeds from the Koolan Island and mainland 
sites, that they were brought into the shelter by people . 
There are no small rodents such as Zyzomys on High 
C liffy Island, or other species which could have contri­
buted to the deposits. The seeds show no evidence of 
chewing. The fourth seed, from Spit 1 of Square B, could 
not be identified. 
347 , 348, 349, 355; Crawford 1 982:46, 47, 48, 58, 69-70). 
Two further species, while not known to have been eaten 
in west Kimberley, were eaten in other parts of Australia. 
Lastly, there is a species with poisonous seeds used as a 
fish poison and several species used for implement manu­
facture. The plants in question, their uses and seasonal 
availability are l isted in Table 6.8 .  Dioscorea spp. ,  yam,  
would also probably be available on H igh Cliffy Island, 
but during the dry season, when the botanical survey 
that provided the Herbarium specimens was conducted, 
the leaves die back and it would prove difficult to find. 
Dioscorea spp. is available all year round but is  best 
eating at the beginning of the dry season (L. Stumpagee 
pers . comm.) .  
The tabulated information on seasonal availability i s  
only approximate, being derived mainly from inform­
ation collected by Smith and Kalotas ( 1 985) for Dampier­
land and Crawford ( 1 982) for the Kalumburu region. 
Dampierland receives about 300 mm less annual rainfall 
than the study region and the Kalumburu region about 
500 mm more, so that it might be expected that fruiting 
times would vary slightly on High Cl iffy. Smith ' s  (pers. 
comm.) records for Dampierland indicate that there is  
sl ight variation even between the mainland and adjacent 
islands. 
Despite the small s ize of H igh Cliffy Island, the 
Western Australian Herbarium records 29 species of 
plants occurring on them, of which a remarkably high 
number, ten, are recorded as dietary species in Dampier­
land to the south and in the Kalumburu region to the 
north (Smith and Kalotas 1 985 : 330, 33 1 ,  339, 342, 344, 
Species Reference Part used 
Abrus precatorius Smith and Kalotas ( 1 985:348) seeds 
Abutilon indicum no recorded use 
Acacia deltoidea var. deltoidia Moya Smith (pers. comm.) seeds 
Adansonia gregorii Crawford ( 1 982:58) seeds 
pith surrounding 
seeds 
Amaranthus pallidiflorus no recorded use 
Boerhavia dominii Crawford ( 1 982:47-8) root 
Canavalia rosea Smith and Kalotas ( 1 985:339) bark 
Cayratia trifolia root 
Celtis philippinensis Smith and Kalotas ( 1 985:342) fruit 
Cyperus Crawford ( 1 982:40) bulb 
Smith and Kalotas ( 1 985:349) 
Digitaria bicornis no recorded use 
Eucalyptus perfoliata no recorded use 
Ficus platypoda Moya Smith (pers. comm.) fruit 
Flagel/aria indica Smith and Kalotas ( 1 985:330, vine 
355) 
Gyrocarpus americanus Smith and Kalotas ( 1 985:331 )  wood 
leaves & bark 
lndigofera hirsuta 
lpomoea macrantha Crawford ( 1 982:70) tuber 
Lepturus repens no recorded use 
Operculina brownii Crawford ( 1 982:70) tuber 
Phyl/anthus reticulatus no recorded use 
Plumbago zeylanica no recorded use 
Sorghum no recorded use 
Sporobolus virginicus ? 
Strychnos lucida no recorded use 
Syzygium suborbiculare Smith and Kalotas ( 1 985:344) fruit 
Terminalia petiolaris Smith and Kalotas ( 1 985:347) fruit 
Smith and Kalotas ( 1 985:347) gum 
Thalassia hemprichii no recorded use 
Waltheria indica no recorded use 
Xenostegia tridentata no recorded use 
Use 
fish poison 
edible 
edible 
edible 
medicinal 
edible 
edible 
edible 
edible 
spears 
shields 
medicinal 
Availabil ity 
wet season 
when green.end of wet season 
when dry,during dry seaon 
dry seaon, March-September 
March-August 
available all year 
best after wet rains 
June-July/Dampierland 
August-September/Sunday Island 
edible May-August 
edible early dry seaon 
edible 
edible November-December 
edible June-September 
edible year round 
Table 6.8 Plant species recorded for High Cl iffy Island at the Western Australian Herbarium, their uses and seasonal availabil ity. 
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Terminalia petiolaris, whose seeds were found in High 
Cliffy Shelter, has been seen ripe on Dampierland between 
July and September (M. Smith pers . comm.) .  Herbarium 
records indicate that it fruits on the Mitchel l  Plateau to 
the north of the study area between May and July. Its 
availabil ity on High Cliffy is l ikely to be around June to 
August (K. Kenneal ly pers . comm.) .  
HIGH CLIFFY SHELTER: MARINE 
INVERTEBRATE FAUNA 
Molluscs 
All shellfish from the 6 mm fraction of 2 of the 5 m2 
excavated, Squares A and E, were analysed. Shell fish 
percentages were calculated on the basis of raw weights 
and are presented in Figure 6. 1 0. 
The main economic shel l  species represented are 
chiton (Acanthopleura spinosa), oyster (Saccostrea sp.) 
and the gastropods Monodonto labio, Tectarius rusticus 
and Turbo cinereus. All these species would be readily 
available on the large sandstone boulders and dead coral 
on the landward edge of the reef, within 20 m of the shelter 
entrance. None are particularly difficult to procure as 
they are found high up in the intertidal zone and are 
exposed for lengthy periods between tides. 
MARINE INTERTIDAL SPECIES 
3 
4 
SQUARE A 
SQUARE E 
2 t I I r � 3 
There is little change through time in the species 
exploited. When Squares A and E are combined, chiton 
is by far the dominant species throughout the sequence 
in terms of both raw shell  weights and MNI counts. No 
comparative study of the meat to shell  weight ratios was 
undertaken on live shellfi sh of the species represented, 
but it appears to be higher for chiton than for the other 
shellfish. Chiton is abundant in favourable environments 
and stil l  a favoured food item amongst Bardi and Jawi 
people today. In a little over half an hour Lena Stumpagee 
from the One Arm Point Community and I collected enough 
chiton for a meal in an area close to a permanent settle­
ment. According to Lena, this collection area was heavily 
exploited on a regular basis, both to obtain bait for l ine 
fishing and shellfish for consumption. 
Overall there is an increase in the proportion of chiton 
from the basal layers to the surface and a concomitant 
decrease in the proportion of M onodonto labio and Turbo 
cinereus in both Square A and Square E. The trend is most 
pronounced in Square A, where there is a consistent 
increase in chiton and a marked decrease in the other 
two species. As all these species are readily available, 
interpreting these changes over such a short time span is 
difficult. 
A few species of shellfish unavailable on the reef or 
rock platform could have been obtained from the exten­
sive mangrove stands of the Montgomery Islands. These 
include Terebralia sp. and C erithidea reidi, both of which 
.. 
0 
893.89 15.6 8295.30 
3906.38 68.4 3906.38 2620:!:50 
730.28 12.8 912.85 2740±50 
170.75 3.0 244.17 
1 1 .75 .002 22.68 3210±100 
2314.25 76.9 231425 
559.60 18.6 1091.22 
133.54 4.4 240.37 
rr-TI rTI rTI rTI rTI rTI rTI rTI 
� o  � o  � o  � o  � o  � o  � o � 
Figure 6.1 0 High Cl iffy Shelter: stratigraphic distribution of shel lfish species in Squares A and E by weight (g). 
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are represented in small numbers . They do not appear 
to be resident in the small areas of mangrove on High 
Cliffy Island today . 
Shellfish decrease markedly from the top to the base 
of the site. While to some extent this may be a matter of 
preservation, the fact that the same is true of the stone 
artefacts suggests that it in fact documents the increas­
ingly heavy use of the site through time . 
Crustacea 
The only crustacea recovered from the site were swimmer 
crabs (Family Portunidae) and hermit crabs ( Infraorder 
Anomura). Most of the material was unidentifiable as 
it was broken or lacked diagnostic structure. Identificat­
ions were made on dactyl and pollex fragments, which 
are usually distinctive between famil ies. Because little 
of the material was identifiable even to fami ly  and 
structurally diagnostic body parts were uncommon, 
estimates of MNI were not attempted. Both crabs would 
be available on the reef or amongst the rocks close to the 
shelter. There is a strong possibil ity that the hermit crabs 
may not represent human food remains. Being scav­
engers, they would have been attracted by refuse left by 
the shelter ' s  occupants . The weights of crab remains 
recovered from the 6 mm fraction are shown in Table 6.9. 
Sea urchins 
Two spine fragments of the S l ate Penc i l  Urchi n ,  
Phyllacanthus longispinus , and a fragment o f  Heart 
Urchin, Breynia sp. ,  were found in the upper two spits 
of Square A. The urchins may have been collected to 
eat . Although these species are not recorded food items, 
urchins are eaten by Europeans today (L. Marsh pers . 
comm.) .  These species can be found wedged between 
Square 
A 
B 
c 
D 
E 
Table 6.9 
Spit 
1 
2 
3 
4 
Spit Portunidae Anomura Unidentified 
(swimmer crab) (hermit crab) 
1 0.86 0.03 1 .29 
2 0.22 0. 1 8  
1 0. 1 3  0.04 0.05 
2 0. 1 7  
0. 1 9  0.08 0.21 
2 0.58 
1 2.01 0. 1 3  1 .47 
2 0.60 0. 1 0  0.61 
3 0.23 0.41 
High Cliffy Shelter: weights (g) of different categories of 
crab shell by square and spit. 
Dugong Turtle Bird 
27.67 786.09 89.34 
1 49.27 1 6.36 
31 .42 3.77 
0.94 
rocks at the edge of the reef or in sandy areas off the 
outer reef and are easily accessible in the intertidal zone. 
HIGH CLIFFY SHELTER: MARINE 
VERTEBRATE FAUNA AND BIRDS 
Weights for all bone, including bird, are set out in Table 
6. 1 0. Material from Spit l A  is  included with Spit 1 .  
Most bone was found in Square A towards the front of 
the shelter and the least in Squares D and E towards the 
back. To judge by the texture and cancellous nature of 
the unidentified bone , most of it consists of small  
fragments of marine turtle bone. 
Turtle 
Marine turtle is  the largest contributor of bone to the 
deposit, making up on average 60% by weight of all bone 
in each spit. Three species of marine turtle are commonly 
found in the area today : the Flatback Turtle (Chelonia 
depressa), the Green Turtle (C. mydas) and the Hawksbill 
Turtle (Eretmochelys imbricata).  The latter two are 
definitely represented in the H igh Cliffy assemblage. 
High Cliffy Shelter contains the remains of at least two 
juvenile turtles . These grow up on the reefs and there is 
probably always a resident population available for exploit­
ation (B .  Prince pers . comm.) .  
Turtle bone was present in  a l l  squares and al l  
excavation units. Most of the bone consisted of small 
fragments of carapace, although a few intact post-cranial 
bones were recovered. Fragments of shel l  were also 
recovered. Turtle shell has characteristic colouring and 
markings which allow it to be identified to species . It 
was on this basis that the two spec ies of turtle were 
recognised. Turtle bone is highly cancellous and easily 
loses its diagnostic epiphyses.  Most of the bone in High 
Cliffy Shelter is extremely fragmented and some is also 
heavily burnt, making identification, except to family, 
impossible .  Aside from a single right proximal humerus 
of a very young individual , post-cranial bones were 
exclusively mes and pes bones and vertebrae fragments . 
None of this  post-cranial bone could be identified to 
species. On the basis of a bone element count only one 
individual is represented, but the fact that two different 
spec ies and at least three individuals of different s izes 
were identified indicates that the site contains at least 
three different individuals, which is almost certainly a 
gross underestimate. 
In addition, some parchment-l ike shel l  fragments 
were found in Spit 1 .  Comparison with turtle eggs held in 
Fish Un identified Total 
89.68 88 .34 1 081 . 1 2  
9. 1 1  1 .43 1 76. 1 7  
4.43 1 .32 40.94 
0 .94 
Table 6.1 O High Cliffy Shelter: bone weights (g) of various fauna, Squares A-E combined, by spit. Note that Spit 1 combines material from 
Spit 1 A. 
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the co l lection at the Western Austral ian Museum 
indicated that these fragments were l ikely to be turtle 
eggshell, but the condition of the material means that 
this identification is tentative. 
Dugong 
Love ( 1 936:6) and Stuart ( 1 923 :37)  describe the local 
waters as teeming with dugong (Dugong dugon) and 
several fragments of dugong bone were recovered from 
the upper spits . 
Fish 
Fish remains are found in the top three spits of High 
Cliffy Shelter and are abundant in Spit 1 (Table 6. 1 0) .  
Only provisional identifications have been made, amount­
ing to less than 5 % of all fish bone. Only in the case of 
two families could identification be made to genus level 
(Table 6. 1 1 ) .  The presence of a species is shown as an 
'x '  except where more than one individual was identified 
where the number recognised is shown in the brackets, 
e.g. (5) .  
S ix families of fish have been distinguished with 
certainty and the identification of a seventh is probable 
(Table 6. 1 1 ) .  These are Labridae (wrasses and tusk.fish), 
Scaridae (parrotfish) ,  Lutjanidae ( sea perches and 
snappers),  Sparidae (snappers) ,  Acanthuridae (surgeon­
fish), Serranidae (rock cods and coral trout) and probably 
Lethrinidae (emperors and sea breams) .  The most 
commonly identifiable skeletal parts were the upper and 
lower pharyngeals ,  premaxi l la and dentaries .  Only 
Labridae and Serranidae could be identified to genus. All 
Labridae represented are Choerodon sp. The Serranidae 
are Epinephelus sp. At least 50% of the jaw parts remain 
unidentified and there is no doubt that several more 
families are represented in the assemblage. Only three 
otoliths were recovered and none were identifiable. There 
are probably more otoliths in the 3 mm fraction, but this 
has not been analysed. Post-cran ial elements were 
abundant in all spits, vertebrae being commonest. Based 
on jaw size, all the fish represented are small to medium­
sized individuals and all could be easily caught on the 
reef below the site (Sainsbury et al .  1 985;  M .  Smith 
unpublished data). 
Vertebrae and interlocking spines of representatives 
of the Subclass Elasmobranchii (rays and sharks) were 
Family Species 
Labridae Choerodon sp. 
Scaridae 
Acanthuridae 
Lethrinidae? 
Serranidae Epinephelus sp. 
Lutjanidae 
Sparidae 
Elasmobranchii 
1 A  
x 
x 
x 
x 
x 
Spit 
1 2 3 
5 x x 
x x 
x 
x x 
x x 
x 
x 
x x 
Table 6.1 1 High Cl iffy Shelter: presence of identified fish bone, 
Squares A-E combined, by spit. x indicates presence 
and a number (e.g. 5) the minimum number of individuals 
(MNI) .  
also recovered. The elasmobranch vertebrae also indicate 
very small individuals .  
Fish bone was not recovered below Spit  3 .  The ident­
ified material is l isted by spit in Table 6. 1 1 .  
Birds 
Six species of birds were recovered from the High Cliffy 
deposit (Table 6. 1 2) .  All six represent dietary remains 
as they would not otherwise be found in this context . 
Identifications were based on cranial and post-cranial 
material . Eastern Reef Herons and cormorants are a 
common sight at low tide on the reef surrounding High 
Cliffy Island today. The Ruff is a visitor to Australia 
during the months November through to March when it 
leaves its breeding grounds in northern Asia and Europe. 
The presence of this species points to wet season use of 
the shelter but of course does not preclude the possibility 
of its use at other times of the year. 
B ird bone was found down to Spit 3 and occurred in  
a l l  squares.  Al l  spits and squares were, therefore, treated 
as one unit and the MNI was derived from the largest 
number of any single bone element. 
Common name Species MNI 
Eastern Reef Heron Egretta sacra 3 
Little Black Cormorant Phalacrocorax sulcirostris 2 
Pied Cormorant Phalacrocorax varius 4 
Great Cormorant Phalacrocorax carbo 1 
Ruff Philomachus pugnax 1 
Wader species unidentified 1 
Total 1 2  
Table 6.1 2 High Cliffy Shelter: minimum number of individuals of 
bird species identified in the deposit. 
SITE HC-3: AN OPEN SITE ON 
HIGH CUFFY ISLAND 
The High Cliffy Open Site is located in a narrow basin 
in the approximate centre of the island (Fig. 6.2). On a 
largely rocky island this is one of the few natural catch­
nts where soils have any depth . When the island was 
burnt off by Jawi Aboriginal people in July 1 985, a low 
mound of cultural origin was revealed on the floor of 
this basin. It is referred to as HC-3 . 
In form HC-3 resembles the 'doughnut' middens of 
the west coast of Tasmania (Ranson 1 978), but it contains 
little shellfish. Approximately 20 by 20 m in diameter, 
the site consists of a penannular raised area of sediment 
incorporating dense cultural material ringing a lower 
central area with sparser cultural material (Figs 6. 1 1  and 
6. 1 2) .  The raised area is approximately 30 cm above 
the flat basin floor and the lower area in the centre of the 
mound is at approximately the same elevation as the floor 
of the surrounding basin. The site formation processes 
that gave rise to the raised ring of cultural material are 
not known. 
The surface of the site contains shel l ,  bone and 
charcoal, as well  as artefacts of stone, glass and metal. 
Two clay pipe fragments, some shel l  buttons and several 
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Figure 6.1 1 High Cliffy Open Site (HC-3) : plan of excavation. 
Figure 6.1 2 High Cl iffy Open Site: view over the excavation , looking east north east, Square A in the left foreground. 
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K imberley points  made of g lass  were recorded.  
Ethnohistoric and anthropological information indicates 
that the site may have been used wel l  into the 1 920s and 
probably even later. 
Whi le my Aboriginal consultants had no direct know­
ledge of the use of this specific site, David Mowaljarlai 
of the Mowanjum community near Derby stated that the 
island was visited by people from Kunmunya during 
' school holidays ' .  Port George IV Mission, which was 
established in 1 9 1 2  at Hanover B ay,  was 60 km to the 
north of High Cliffy Island. In 1 9 1 6  it was moved a few 
kilometres inland to Kunmunya, where it remained in 
operation unti l  1 95 1 (McKenzie 1 969:66). A surface coll­
ection made by Blundel l  from an open site at Kunmunya 
resembled the artefacts recovered from the surface of 
HC-3 in that it  included stone and glass bifacial points, 
metal artefacts and other items of European origin (Blundell 
1 975 : 1 46). 
SITE HC-3: INVESTIGATIONS 
Excavation 
Excavations at HC-3 aimed to sample different areas of 
the site. Eight 1 x 1  m squares (AA, A, B, C, H, I, J and K) 
were excavated in the mounded section of the site and 
the lower central area (Figs 6. 1 1  and 6. 1 2) .  Only two of the 
eight excavated squares have been analysed: Square A 
in the central area and Square H on the raised mound 
(Fig. 6. 1 1 ) .  
Three main stratigraphic units were identified. There 
was an upper dark reddish grey sandy layer, Unit 1 ,  
rich in organic material (Munsell 5YR 4/2), beneath 
which was Unit 2, where the organics decreased and the 
sediment colour was reddish brown (Munsell 5YR 4/3) .  
Unit 3 consisted of the lowest sand, yellowish red in 
colour (Munsell 5YR 5/6), containing stone artefacts but 
l ittle organic material. On the mounded area of the site 
the rich organic horizon had greater depth than in the 
central depression and was approximately 30 cm deep. 
In Square H Spits 1-6 were in Unit 1 and Spits 7-1 0  in 
Unit 2.  Both units were approximately 30 cm deep. 
Square H was discontinued in Unit 2 at a maximum depth 
of 60 cm. In Square A the excavation reached its maxi­
mum depth of 80 cm and artefacts continued to this 
level. Spits 1-5 were in Unit 1 which had a depth of 25 cm. 
Unit 2 was not evident in Square A. Spits 6-1 4  were in 
Unit 3 with a depth of 55 cm. Spit depths varied between 
5 and 1 0  cm. Spit depths of 10 cm were consistent below 
Spit 9 in Square A, where cultural material was sparse. 
Excavation was di scontinued before bedrock was 
reached as, while artefacts were recovered from the 
Laboratory no. 
Wk 1 863 
Wk 2460 
Wk 1 864 
Square 
A 
I 
A 
Table 6.1 3 Site HC-3: radiocarbon dates. 
Spit 
7 
9 
1 3  
lowest excavated spit, there was n o  longer sufficient 
material to date them. The date obtained from Spit 1 3 , 
Square A, suggests that re-excavation may be warranted 
in the future. 
The squares on the mound proved to have the greatest 
quantity of cultural material, including charcoal, bone 
and stone artefacts . This may indicate better preservation 
in this area, but since there was also more stone there, it 
more l ikely reflects the central position of these exca­
vated squares to the locus of most activities. Square A 
on the periphery of the site contained substantially less 
cultural material. While the cultural materials from 
Squares A and H were analysed separately, the combined 
results by spit are presentation here. The reason for this 
is that it appeared that there was good correspondence 
in age and changes in cultural materials in both squares 
but that these followed spits, rather than units. The 
presence of glass flakes in Unit 1 of both squares 
indicated that this  unit accumulated within the historic 
period. It contained a large quantity of turtle and dugong 
bone, as well as fish and saltwater crocodile. Stone arte­
facts comprised predominantly debitage, although a few 
broken Kimberley points were recovered. Carbonised 
plant material was present but proved difficult to identify. 
A few carbonised seeds, probably of Terminalia sp. ,  were 
recovered. 
Unit 2 also appeared to date predominantly within 
the historic period but contained a change from glass 
and stone artefacts to stone, indicating its use in the 
precontact period. The date from Spit 9 in Square I ,  
immediately adjacent to Square H,  suggests that the 
base of Unit 2 dates to within the past 600 years or so. 
Unit 3 contained stone artefacts and small quantities 
of bone. 
Dating 
Three radiocarbon dates w·ere obtained for HC-3, all on 
charcoal (Table 6 . 1 3) .  In contrast to Square H and the 
other squares on the mound (I ,  J and K), very l i ttle 
charcoal was preserved in any level of Square A. Spit 4 
with the largest charcoal weight contained less than 5 g, 
while in Spits 8-1 2  no charcoal was recovered. However, 
Square A was initially selected for dating since it had 
charcoal to the greatest depth, 70 cm in Spit 1 3 .  
Two charcoal samples were submitted from Square A. 
A sample from Spit 7 at a depth of 30-35 cm below the 
surface returned a date of Modern (Wk 1 863) . The 
second sample, from Spit 1 3  at a depth of 70-80 cm below 
the surface, returned a date of 6690±300 bp (Wk 1 864) .  
In 1 992 a further sample was submitted from Spit  9, the 
lowest excavated spit in Square I, at a depth of 45-50 cm. 
It gave an age of 650± 1 60 bp. This square was sampled 
Depth below Sample material Conventional age 
surface (cm) (years bp) 
35 charcoal modern 
60 charcoal 650±1 60 
70 charcoal 6690±300 
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in preference to the adjacent Square H as it preserved 
charcoal to a lower depth. 
No upper dates were obtained for the mound as it was 
assumed that clay pipe fragments, metal items and pearl 
shel l  buttons indicated the age of the late occupation more 
accurately than radiocarbon dating could have done. Un­
fortunately, attempts to date the clay pipe fragments on 
the basis of styl istic attributes have proved unsuccessful .  
Artefact analysis 
The 6 mm fraction of Squares A and H produced 783 
artefacts, while the 3 mm fraction was not analysed. The 
raw materials represented were chert, quartz, quartzite, 
glass, basalt and l imestone . Ochre fragments were also 
found. All the raw materials with the exception of the 
basalt, glass and ochre are locally available on High 
Cliffy Island. Analysis indicates a greater diversity of 
raw materials above Spit 8 in both squares.  Between 
Spits 8 and 1 4  only chert and quartz were uti l ised. Spits 
7 and 8 mark a break: quartz drops out of the assemblage 
between the two and glass appears in very small quant­
ities. The greater diversity of raw material in the units 
above probably indicates closer relations with the main­
land occurred after European contact. 
Retouched/utilised pieces numbered six from the two 
squares together. They include the butt and tip of two 
glass bifacial points, three incomplete bifacial points 
made of chert and a single basalt flake from an edge­
ground axe.  All of the retouched tools date from the 
historic period. Cores and debris are also poorly repre­
sented, the majority of the assemblage consisting of 
flakes and broken flakes. The large number of flakes and 
broken flakes contrasts markedly w ith the High Cliffy 
Shelter assemblage, where debris was much more abundant. 
Fauna 
A large amount of fragmented bone was recovered from 
the site .  Table 6. 14  gives the weights for bone and shell 
from Squares A and H combined. Most bone derived from 
above Spit 7 and none was recovered below Spit 1 0. 
The turtle/dugong category consists of small undiag­
nostic fragments, but judging by the cancellous nature 
of the bone the majority is marine turtle. The fish remains 
are all from small reef fish of the fami l ies Labridae 
(wrasses and tuskfish) and Scaridae (parrotfish), which 
are abundant on the reef surrounding High Cliffy Island. 
Spit Du gong Turtle Dugong!Turtle 
Surface 241 .4 24.2 1 86.7 
1 81 .2 306.9 483.4 
2 1 01 .7 1 73.3 640.3 
3 49.2 276.5 478.8 
4 9 1 . 1  443.8 
5 
, 60.7 1 88.6 
6 - 88.8 366.0 
7 86.8 92.9 
8 - - 20.0 
9 - - 1 .0 
1 0  - - 0.2 
Twenty-three whole or fragmented crocodile teeth were 
found on the surface of Square H. Based on the size of 
the teeth, the individual represented was a large adult 
estuarine or saltwater crocodile, Crocodylus porosus. Little 
bird bone was recovered and none was identifiable to 
species. This is in sharp contrast with High Cliffy Shelter, 
where 8% of all identified bone was bird bone (O'Connor 
1 992). 
Small amounts of shellfish were recovered between 
the surface and Spit 8, but it  was very friable. While it is 
possible that poor preservation is  responsible for the 
absence of shellfish below Spit 8, the small quantities 
found on the surface indicate that it  did not constitute 
a significant dietary staple at this site. Of total shell 
weight, 82% was supplied by baler shell (Melo amphora). 
Other species represented are chiton (Acanthopluera 
spinosa), pearl shell (Pinctada sp.) ,  oyster (Saccostrea 
sp.)  and the gastropod Nerita undata. The thickness of 
the pieces of baler shell suggests that they derive from 
large shells used as water containers (cf. Akerman 1 973;  
Blundell 1 975 : 1 53) .  
The faunal remains from HC-3 indicate a prehistoric 
and protohistoric/historic economy entirely based on the 
exploitation of marine resources . Turtle, du gong and fish 
appear to have been the mainstays of the diet, much as 
they are today when people from the mainland commun­
ities are out camping on the islands. 
Discussion 
The waters separating High Cliffy Island from the main­
land show a bathymetric contour of -20 m, indicating its 
insulation prior to 8000 bp, probably between 8000 and 
9000 bp. The Shell Horizon at Widgingarri Shelter 2 on 
the adjacent mainland began to form ea. 7500 years ago, 
demonstrating a sea stand close to present by this time. 
The HC-3 open site was initially occupied ea. 6700 bp, 
but this early phase of occupation seems to have been of 
short duration there. The early phase is only represented 
in Square A, Unit 3. The site then appears to have been 
abandoned, or so seldomly used that its occupation is 
archaeologically undetectable, until about 650 years ago, 
when the major occupation phase began. 
This second phase of occupation continued well into 
the historic period. In the last few hundred years a dense 
layer of sediment and cultural material accumulated. 
Perhaps this bears witness to more sedentary dry season 
Fish Bird Other Shel l  
2.5 1 8 .7 32.2 
1 8 .0 - 0. 1 73.0 
23.5 6. 1 - 1 1 3. 1 
46.8 8.0 - 51 . 1  
39.2 0. 1 - 34.8 
1 6.9 - - 21 .0 
1 8.6 - - 21 .2 
6.8 - - 1 3 .0 
0.3 - 1 .2 0.4 
- -
- - - -
Table 6.1 4  Site HC-3: bone and shell weights (g), Squares A and H combined, by spit. 
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occupation, which would have been possible if fresh­
water was transported and stored in large quantities using 
new materials such as barrels of wood and iron. It also 
possibly reflects the use of the site during the years when 
the Port George IV /Kunmunya Mission was in operation 
and people camped for the school holidays on the island. 
THE STONE STRUCTURES 
Description 
As already indicated, the unique archaeological feature 
of High Cliffy Island is its numerous stone structures 
(Figs 6. 1 3 , 6. 14  and 6. 1 5) .  Although mention of these 
structures was made by Blundell ( 1 975 : 1 56), no record­
ing or excavation had been undertaken and no description 
of the number or extent of the structures published. I 
surveyed 50% of the island and found this  small area of 
0. 1 5  km2 covered in dozens of stone arrangements and 
structures (O'Connor 1 987).  
These are made from the fractured sandstone that 
forms the natural land surface over most of the island 
and take a variety of forms. They range in size from 
features comprising single rows of rocks to others util is­
ing large rocks placed one on top of the other to form 
substantial dry stone wal ls (Figs 6. 1 3  and 6. 1 4) .  Some 
of the structures are clearly not functional ( in the secular 
sense), forming long pathways, standing stones or cairns. 
Others have the appearance of small circular hut bases. 
The walls of several of the larger structures have collapsed 
inward. The most complete of the structures are roughly 
c ircular and have a small entrance approximately 75 cm 
across (e.g. Fig. 6. 1 3). The walls stand up to 1 m high and 
may be up to 50 cm wide at their base . Within there is a 
maximum of 9 m2 of useable space . The structures have 
been built directly on the sandstone surface of the island, 
al though some have accumulated a small quantity of 
sediment trapped by the walls. One of the structures con­
tained a basal grindstone and one a broken baler shell 
water container. Stone artefacts were densely scattered 
inside and outside the entrance of the structures. Arte­
facts were, incidental ly, also associated with structures 
which appear not to be secular. 
Parallels in the region and beyond 
S imilar structures are recorded for other areas of the 
Kimberley, such as Corneille Island in the Bonaparte 
Archipelago and the Mitchell  Plateau (Western Austral­
ian Museum Department of Aboriginal Sites, Site Fi les). 
The main differences between these and the High Cliffy 
structures are that the latter are more numerous and much 
more densely concentrated and that several of them are 
significantly more substantial . This was also the picture 
that emerged from my survey of islands and selected 
areas of the mainland between Cape Leveque and High 
Cliffy Island during 1 985 (O 'Connor 1 989) . The survey 
indicated that while stone structures and arrangements 
occurred in this wider region , nothing approaching the 
scale of the High Cliffy structures was to be found else­
where (cf. O'Connor 1987). Like the Mitchell Plateau struct­
ures, they usually took the form of two or three circular 
arrangements comprising most commonly a single and 
often irregular row of stones .  
Figure 6.1 3 High Cl iffy Island: close-up of  a stone structure, entrance front right. 
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Figure 6.1 4 High Cliffy Island: a group of stone structures, looking north west. 
Figure 6.1 5  High Cliffy Island: the excavated stone structure, Site HC-2. 
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A comparison that must be made is with the Lake Con­
dah structures from the opposite end of the continent, in 
western Victoria (Coutts et al. 1 978; Wesson 198 1 ) . These 
uti l ise the same wal l ing technique, are of approximately 
the same size and are clustered in the same way. Like the 
High Cliffy structures, they are located immediately adjac­
ent to a resource-rich zone (O'Connor 1987 :33) .  
Function of the stone structures 
Blundell ( 1 975 : 1 56) was told by her Aboriginal informant 
Sam Woolagoodja that the walled structures were wind­
breaks providing support for paperbark (Melaleuca sp . )  
and spinifex (Triodia sp.) coverings and were called wind­
jarnugu. The paperbark was brought from the mainland 
by raft. Khaki Stumpagee was also of the opinion that 
they represented wet season shelters and believed that 
some sort of wall ing was necessary to hide the fires of 
the H igh Cliffy islanders from marauding parties of 
Worrorra travelling by night to raid. Khaki also stated that 
the lines of stones and cairns may have been constructed 
for ceremonial purposes, in which connection it must be 
remembered that Love (n.d.  :68) identified High Cliffy 
Island as the ' sacred place of the Y anjibai ' .  
Inhabiting the high rocky is lands during the wet 
season would have had advantages . Mosquitoes and 
sandflies would have been in plague proportions on the 
low sandy Montgomery Islands at this time, whereas the 
more elevated mangrove-free rocky islands l ike High 
Cliffy would have been relatively uninfested.  
The ethnographic accounts indicate that the similar 
structures in other parts of the Kimberley, l ike the Mitchel l  
Plateau, were dwell ings constructed for protection against 
wet season rains .  Vinn icombe and Reynolds (pers . 
comm.)  have recorded that the wal ls were used to hold 
down paperbark roofing, which was supported by two 
central wooden uprights. No paperbark is, or would have 
been, available on H igh Cliffy Is land, although it is 
possible that another type of roofing material, such as 
spinifex (Triodia sp.), could have been substituted; Smith 
and Kalotas ( 1 985) record the use of spinifex for covering 
timber shelters by the Bardi people to the south. Vinni­
combe (pers . comm.) records that on the Mitchell Plateau 
the houses were constructed on bare stone surfaces, so 
that during the wet the heavy downfal ls  would flow over 
the surface and out of the huts instead of collecting in or 
saturating the liv ing areas. 
Elsewhere (O'Connor 1 987) I have suggested that 
another possible explanation for the large numbers of 
structures on High Cliffy Island may lie in the perceived 
necessity to demarcate social space in an area where space 
was at a premium. In most areas where large groups of 
people are gathered, it is possible to achieve separation 
into hearth groups and observe appropriate avoidance 
relationships simply by spatial separation. This would 
not have been easily attained on High Cliffy Island and 
the structures may have aided this social process. 
The compari son w i th the Lake Condah house 
structures raises other issues. While the overall evidence 
is poor, the few dated examples from Condah and else­
where in southern Victoria indicate their use in l ate 
precontact times and into the contact period (Clarke 
1 994 : 1 2) .  Over the past five years a great deal has been 
written about the significance of these and other cultural 
manifestations of the late Holocene in terms of changes 
in social  relations and organisation in Aborig inal  
Australia (e .g .  Coutts et  al . 1 978 ;  Lourandos 1 980, 1 983, 
1 985;  Will iams 1 987).  
On the other hand, colleagues suggested to me that 
the High Cliffy structures might be Indonesian in origin 
or have been built by European castaways .  
There were thus some basic questions to be addressed 
by excavation. 
INVESTIGATIONS AT 
STRUCTURE HC-2 
As mentioned earlier, some of the walled structures had 
allowed the accumulation of small quantities of sediment, 
thus providing an opportunity for excavation to throw 
l ight on the questions of age and function. One of these, 
Site HC-2, was chosen for investigation (Figs 6.2 and 6. 1 5) .  
Excavation and dating 
The entire structure and its surrounds were gridded into 
1 x 1  m squares (Fig. 6. 1 5) .  Five square metres within the 
structure were excavated and the same number of squares 
outside the entrance were removed for compari son . 
Excavation was undertaken in arbitrary 5 cm spits as 
there was no visible stratigraphy .  The deposit within 
the structure had a maximum depth of 1 3  cm, although 
in most areas it was nearer to 5 cm. The deposit comprised 
a uniform grey-brown poorly developed soil horizon . 
Large numbers of stone artefacts occurred in all 
squares at an average density of 1 43 per spit/m2• A small 
quantity of dietary material such as fi sh j aws and 
fragments of turtle carapace was also recovered, but no 
spec ies identifications have been made. Some extremely 
small and weathered fragments of shell were identified, 
but unfortun ately insufficient amounts were recovered 
for conventional radiocarbon dating. A piece of broken 
baler (Melo sp.)  shel l  col lected from the surface inside 
the structure was submitted for dating. It was embedded in 
the topsoil to a depth of 1 cm. It gave a date of 370±50 bp 
(Wk 1 095) .  
Results 
Although the excavation did not provide conclusive 
evidence for the function of the structures, the results 
are consi stent with the ethnographic accounts. The 
material recovered confirmed that the structures were of 
Aboriginal origin. The food remains indicated that some, 
at least, were used for domestic purposes. In confirm­
ation of my initial impressions, all the artefacts were 
made of stone; no metal or glass artefacts were recovered 
from the excavation. 
Analysis of the artefactual assemblage from HC-2 
has not yet been undertaken, but initial impressions suggest 
it comprises predominantly flakes and debris made on 
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the same range of raw materials as is found in the High 
Cliffy Shelter. B lundell carried out extensive random 
surface collecting in the central area of the island. I was 
unable to determine the locations of this collecting, but 
she records only 2 1  glass artefacts and 1 metal fragment 
among the 1 1 87 pieces recovered (Blundell 1 975 : 1 56-8 ; 
Corsini 1 992). My own inspection of the large artefact 
scatters associated with the structures corroborated the 
results of the HC-2 excavation; no metal , glass or pottery 
were seen in association with the structures.  This  may 
indicate that the use of the structures ceased prior to 
Indonesian and European contact with the region or that 
Blundell col lected all European material that had been 
present. 
CONCLUDING DISCUSSION 
The nature of the occupation 
High Cliffy is a tiny and terrestrially impoverished island. 
With the exception of its chert source, it is difficult to 
imagine what its attractions would have been and why 
its occupation would have comprised more than fleeting 
and intermittent v isits to obtain stone. The answer, as I 
have argued el sewhere (O' Connor 1 992),  l ies in the 
uniqueness of its location on the edge of the largest 
inshore reef in the west Kimberley. Although living coral 
reef does not have a high biomass of shellfish, shellfish 
occur on the dead coral at the reef edges and the liv ing 
reef provides an important habitat for the myriad reef 
fish and turtle that live and feed in their shallow waters . 
Probably even more important in  terms of human 
exploitation is the fact that at low tide reefs form natural 
fishtraps from which the turtle, fish and dugong can be 
easily speared. With each new tide the resources in these 
natural traps are replenished. 
The faunal remains in the High Cliffy sites attest to 
the bountiful nature of this natural fishtrap. Like the 
inhabitants of the Lake Condah stone houses, the Y awiji­
baya could have maintained a viable sedentary or semi­
sedentary population which concentrated on an extremely 
productive resource zone. In the case of Lake Condah it 
was necessary to modify the land surface by building fish­
traps to maximise or regularise the resource (Coutts et al . 
1 978). On High Cliffy Island no modification was necessary. 
The nature of the artefacts 
In a paper on the house structures of H igh Cliffy Island 
(O'Connor 1 987), I speculated that stone material may 
have been traded to the adjacent mainland in exchange 
for resources which were not available on the islands. 
The large quantities of artefactual material found all over 
High Cliffy Island testify to a level of stone working 
unrivalled at any of the mainland rockshelters and open 
sites. Tindale ( 1 974 : 1 45)  describes a similar interrelat­
ionship between the Jawi people who lived permanently 
on Sunday Island and other islands off Dampierland to 
the south and their mainland Bardi neighbours. The Bardi 
relied on the Jawi for the mangrove timbers needed to 
construct their watercraft. In tum the Bardi supplied 
spears to the J awi,  there being a shortage of suitable wood 
for spears on the islands . I suggested that the hypothesis 
that there was trade in stone from High Cliffy Island to 
the mainland could be tested by examining the assem­
blages from the excavations to determine if at any stage 
of reduction material was being removed from the island 
(O 'Connor 1 987). 
Analysis of the artefacts from High Cliffy Shelter in 
this chapter has demonstrated that there were few formal 
tools or even retouched/util ised pieces and no special ised 
production of flakes or blades. The formal tools ,  all 
points, were extremely unstandardised and few in number 
and there were no broken blanks, which would be the 
expected pattern if significant trade in implements was 
occurring. Further analysis was conducted to determine 
if the trade instead was in raw material, with cores the 
desired end product. The low number of cores recovered 
seemed initially to support this idea, but an examination 
of the cortex index of flakes demonstrated that cores were 
not being produced at the site, as too few primary flakes 
were in evidence. The cores were also extremely unstand­
ardised. 
In brief, there was no evidence at the High Cliffy 
Shelter that stone in any form was being traded off the 
is land. The most likely explanation for the quantity and 
patterning of raw material in the shelter is that this was a 
secondary reduction area where raw material was in 
plentiful supply and amorphous flakes were generated 
for a wide variety of day-to-day subsistence functions 
which did not require specialised tools .  
Subsistence and seasonality 
Unl ike Koolan Shelter, where macropodid bone found 
throughout the Holocene sequence indicates regular 
contact with the mainland, neither the High Cliffy Shelter 
nor Open Site HC-3 has evidence for the importation of 
terrestrial fauna. The only possible bone of terrestrial 
spec ies is found among the few bone artefacts at the 
shelter. 
Limited seasonal information is provided by the bone 
remains .  Although Aboriginal people today express a 
decided preference for 'married turtle ' ,  that is, mature 
turtle taken during the breeding season when they are at 
their fattest (M. Smith pers . comm.) ,  turtles are none­
theless available all year round. The turtle eggshell ,  
however, provides a possible indication of the time of 
site use. Flatback Turtles (Chelonia depressa) lay their 
eggs in the north Kimberley around July and the Green 
Turtle (C. mydas) is laying around July-August. The 
fruits of Terminalia petiolaris also indicate use of the 
shelter between June and August. The Ruff (Philo­
machus pugnax) found in Spit 1 of Square C would only 
have been available during the months from November 
to March .  The other bird remains are all from adult birds 
that could be caught on the reef at any time of year. For 
the shelter at least, the few seasonal indicators suggest 
use throughout the year. 
As discussed in Chapter 2, the ethnographic evidence 
indicates that rockshelters in west Kimberley were used 
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primarily in the wet season. Given the north west aspect 
of its entrance, the High Cliffy Shelter would not have 
been suitable for use during wet season storms as it would 
have been directly in the path of approaching rain.  The 
exposed nature of High Cliffy I sl and and its l imited 
vegetation would, however, have made the shelter an 
ideal retreat during the heat of the day. Its location 
adjacent to the reef would also have made it a convenient 
place to stop and eat the day ' s  catch. Despite this, the 
range of fauna and the large number of artefacts suggest 
that it was more than a mere d inner-time camp or 
stopover place. 
Although archaeological evidence is  lacking, the 
ethnographic accounts point to the house structures 
having been used during the wet season in an exposed 
environment where there were few rockshe l ters to 
provide protection. No seasonal information can be 
derived from the fauna at the open site HC-3, but its 
exposed position and the presence of large baler shell 
fragments are perhaps compel ling ev idence for dry 
season use. The chronological relationship of the sites 
and how they relate to smaller task-specific s ites on the 
island must await further analysis and dating. 
Ethnographic sources indicate that the Montgomery 
group of which High Cliffy is part was occupied on a 
sedentary or semi-sedentary basis .  This suggestion is  
supported by the wealth of archaeological evidence found 
on the island, the most prominent among which are the 
stone house structures. If, as has been proposed, the 
Yawijibaya were a discrete dialectal unit moving to and 
fro between the sandy and rocky islands of the Mont­
gomery group, they constitute a rare adaptation in Aust­
ralian prehistory (but see also Rowland 1 982b) . Such 
an adaptation appears even more remarkable on the part 
of people without a specialised marine technology. 
Antiquity and nature of island occupation 
Although High Cliffy Island lacks a continuous sequence, 
the date of 6700 bp postdates i ts separation from the 
mainland and indicates that in the north west of Australia 
there may not have been the delay between the formation 
of islands and their initial use that is seen in southern 
Australia (O'Connor 1 992) .  A similar proposition has 
been made for some of the north east tropical islands by 
Barker ( 1 989, 1 99 1 ) . 
It took well over a decade of archaeological work before 
sites were found and excavated which demonstrated that 
in areas of north east Australia island use began early 
(see 0 'Connor 1 992 for a review of the history of island 
research on the east and west coasts) .  Most of the north 
west Australian coast and islands remain archaeologically 
unexplored. In addition to this, many of the island groups 
here are smal l ,  low-lying and largely unprotected by 
vegetation and topography . This exposes them to the 
ravages of the annual monsoons and the intermittent 
cyclones that hit the coast from the north west. In other 
words, there is both less evidence remaining and finding 
it is  simply more difficult and time-consuming. High 
Cliffy was the only island located as a result of a survey 
of the i slands of the Buccaneer Archipelago where 
stratified s ites were found in an open context. Many of 
the islands known to the Bardi and Jawi as important 
camping areas simply preserve no evidence of their use 
(O'Connor 1 989). As further reconnaissance and excav­
ation are undertaken, we can expect more early dates for 
island use in north west Australia. 
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A REGIONAL SEQUENCE 
I n  this chapter the stratified sites are used to create a 
baseline regional prehistory of the coastal west Kimberley 
(Fig. 7 . 1 ) . 
THE PLEISTOCENE SEQUENCE 
Two of the four excavated shelter sites, Koolan Shelter 2 
and Widgingarri Shelter 1 ,  have produced sequences 
which extend from the Pleistocene, approximately 28 ,000 
years ago. Importantly, the cultural deposits in both shelt­
ers extend below the dated levels. On the basis of the 
calculated rates of sedimentation and the depth/age 
curve at Koolan and the undated deposit at Widgingarri 
Shelter 1 ,  it is suggested that occupation began at least 
30,000 years ago and probably earlier (see Chapters 4 
and 5) .  
At the earliest dated occupation, Koolan Shelter 2 
would have been within 20 km of the Pleistocene coast­
l ine. In contrast, the Widgingarri shelters were situated 
at least 70 km inland. The date for the initial settlement 
of Austral ia is  still unresolved. Serious estimates place 
it sometime between 40,000 and 65 ,000 years ago, the 
difference of opinion being largely due to the threshold 
of the radiocarbon method and the lack of confidence 
shown by members of the scientific community in the 
rel iabi lity of the new dating techniques such as optical 
luminescence (OSL) which have produced the older dates, 
when appl ied to archaeological cave deposits (see Allen 
1 994, Allen and Holdaway 1 995 versus Chappel l  et al . 
1 996 for the spectrum of opinion). Whatever the date, it 
has become increasingly apparent that by 30,000 bp the 
inhabitants of Australia were successfully exploiting a 
tremendously wide range of inland and upland habitats 
and relying in such areas on a diverse range of terrestrial 
resources (see also Allen et al . 1 988; Cosgrove et al . 1 990; 
O' Connor et al . 1 998).  
Pleistocene intensification 
The Pleistocene Horizon at Koolan Shelter 2 is charact­
erised by comparatively intensive occupation. This is 
reflected both in the sedimentation rate and the rate of 
artefact discard, which are higher in the period preceding 
abandonment than at any other, except the late Holocene. 
This is also likely to be the case at Widgingarri Shelter 2, 
if, as has been argued, the lower deposits can be confirmed 
to be Pleistocene in age. I have provocatively called this 
phenomenon 'Pleistocene intensification ' in an attempt 
to call into question the view that signals of intensive occ­
upation are the end product of a unidirectional trajectory 
of growth and change and are exclusively focused in the 
late prehistory of Australia. This  argument has been 
expounded e lsewhere in the context of demographic 
changes in Australia since initial settlement (O 'Connor 
et al . 1 993).  
The argument for intensive Pleistocene occupation 
does not rest solely on artefact discard and sediment 
accumulation rates.  An even stronger case can be made 
on the basis of the emergence of distinctive regional 
technologies and long distance movement of materials 
by this time. This can be seen in the presence of flakes 
from edge-ground hatchets at the Widgingarri shelters, 
an occurrence shared only with Cape York and Arnhem 
Land at thi s  early date (Morwood and Trezise 1 989;  
Schrire 1 982).  Equally, the evidence for long distance 
exchange between the coast and inland regions between 
28 ,000 bp and 1 7  ,OOO bp is reminiscent of the social/ 
economic networking usual ly  assoc iated wi th l ate 
Holocene ' intensification' (Hiscock 1988b; McBryde 1978b, 
1 979b; Veth 1 989). Such 'economic and information net­
working ' is unlikely without reasonably high population 
densities and social ly reified contact between groups. 
Technology and trade in the Pleistocene 
As mentioned in Chapters 4 and 5, the Pleistocene stone 
artefact assemblages from Koolan and the Lower Horizon 
at Widgingarri Shelter 2 are comprised predominantly of 
debitage. The main variation in assemblages at the two 
sites is due to differences in the raw materials available 
and resulting differences in technological strategies .  
Whereas quartz dominates the Koolan assemblage, fine­
grained quartzite is the main raw material used at both 
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Figure 7.1 The regional sequence. 
Widgingarri shelters in the lower levels. At Koolan a 
large proportion of the flakes is made by bipolar percuss­
ion, whereas at Widgingarri reduction i s  by direct 
percussion. The end product at both places is, however, 
the same: amorphous flakes, flake fragments and debris. 
· Neither site conforms to the accepted concept of the 
'Australian core tool and scraper tradition ' .  All  flakes 
and cores are small and scrapers were absent from the 
samples analysed. Indeed, with the exception of flakes 
from edge-ground hatchets at the Widgingarri shelters, 
formal tools are v irtually absent from the Lower Horizon. 
Retouched/uti l ised flakes, broken flakes and fragments 
of unstandardised shape and small s ize comprise the main 
component of the 'modified' category of Koolan Shelter 2 
and Widgingarri Shelter 2. An examination of the l itera­
ture from other areas of the Kimberley and northern 
Austral ia indicates that thi s  feature is shared with other 
early assemblages (Dortch 1 977; Schrire 1 982). As noted, 
the Lower Horizon at Widgingarri Shelter 1 contains 
flakes from edge-ground axes dated to the Pleistocene. 
Although Koolan does not exhibit the edge-ground tech­
nology, this  does not demarcate a geographic boundary 
for this  tool form, but rather results from the special i sed 
nature of s ite use at Koolan. 
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The argument for cohesive 'culture areas ' at this  early 
date receives additional support from the shellfish repre­
sented in the Lower Horizons. At Widgingarri Shelter 1 
the date of ea. 28 ,000 bp was derived from a baler shell 
fragment and the date of ea. 1 9  ,OOO bp from a pearl shell 
fragment. At Koolan the date of 26,500 bp was obtained 
from a piece of mud clam (Geloina coaxans) . In the 
early Holocene levels of Koolan Shelter 2 shell scrapers 
are made on this robust bivalve. Although the shell frag­
ment dated at Koolan was too weathered for use-wear 
or modification to be detectable, it is highly l ikely that 
the shell was brought to the site for use as an artefact, 
rather than as food. This is almost certainly the case at 
Widgingarri Shelter 1 .  Baler shell  and pearl shell were 
traditionally two of the most common and important 
items traded from this region, trade in pearl shell from 
the Kimberley to the W estem Desert being stil l  vigorous 
today (P. Bindon and P. Veth pers . obs . ) .  While it might 
be claimed that the baler shell at 28,000 bp is evidence 
of the hinterland component of a coastal economy, this 
cannot be sustained for the pearl shell  which is  dated to 
19 ,OOO bp when the shelter was over 200 km from the 
coastline. The significance of this is twofold. Firstly, it 
shows that contrary to claims by Beaton ( 1 985) and others 
(e.g. Mulvaney 1 987), people were making a living on 
the Pleistocene coastline during the last period of glacial 
aridity . Secondly, it shows that people living inland had 
contact with the coast. Given the distance , I have argued 
that this is unlikely to have been direct contact with 
coastal dwellers, but rather indirect 'down the l ine ' or 
secondary exchange of resources (see Mulvaney 1 976 
for a discussion of this type of exchange). 
Subsistence and economy 
Unl ike many sites in northern tropical latitudes,  Widgin­
garri and Koolan are unusual in that faunal remains are 
preserved in their Lower Horizons. As animals have certain 
physiological tolerances, it is sometimes possible to gain 
an insight into past environments through the presence/ 
absence of species and change in the relative proportions 
in which they are represented. The information thus 
derived can then be compared against palaeoenvi­
ronmental reconstructions based on c limatic modeling 
and dated geomorphological sequences (see for example 
Kendrick 1 977; McKenzie 1 98 1 ) . 
Unfortunately, palaeoenvironmental interpretation 
based on marsupial species presence and absence is always 
fraught with difficulties. Sample sizes are usually small 
and the comparisons must be made with the present day 
distributions, which have often been drastically altered 
as a result of European disturbance of the env ironment 
(Lundelius 1 983;  Morton and Baynes 1 985).  The Koolan 
and Widgingarri shelter faunas are no exception. Aspects 
of the Widgingarri Shelter 1 faunal assemblage, such as 
the presence of M acrotis sp. on either side of the Holocene/ 
Pleistocene boundary (Spits 14 and 1 5 ,  Square AA), may 
indicate the severity of arid conditions during this time . 
This species is today restricted to desert regions (Prince 
1 99 1 :7 1 ) . However, in view of the sample size, three 
individuals; such an interpretation must be tempered with 
caution. 
With the exception of the Red Kangaroo (Macropus 
rufus) and two extinct species, the Tasmanian Devil 
(Sarcophilus harrisii) and the Tasmanian Tiger (Thylacine 
cynocephalus), the fauna in the lower levels at Koolan 
is not really different from that which would be available 
on the mainland today. The freshwater turtle in the lower 
levels of Koolan Shelter 2 may reflect differences in  the 
local site environment, such as the presence of freshwater 
pools in the now drowned valley between Koolan Island 
and the mainland. With the exception of a single fish 
vertebrae in Spit 10 of Square C and fragments of Geloina 
and pearl shell (Pinctada sp.) ,  there are no marine items 
in the Pleistocene Horizon at Koolan Shelter. At ea. 20 km 
from the coast it may have been too distant for coastal 
resources other than those imported as tools or value 
goods (assumed for the Geloina and Pinctada shell) to 
make an appearance. This is also the case at Widgingarri, 
where the pearl shel l, baler shell and sea urchin spine in 
the levels dated to the Pleistocene are all thought to 
represent value goods traded from the coast, located a 
minimum of 70 km and upwards of 200 km from the 
coast during this period. 
As noted, the shellfish that date the Lower Horizon 
to the Pleistocene at Widgingarri Shelter 1 do, however, 
demonstrate that people were using the Pleistocene 
coastline. This has previously been disputed by Beaton 
( 1 985) and Mulvaney ( 1 987) who claim that the ice age 
shores of Austral ia would have constituted a harsh and 
inhospitable environment: 
Unl ike the resources abundant along today' s  stable 
coasts, the less stable and less developed l i ttoral 
environments on earlier dissolving or emerging ice 
age shores sustained fewer species. Such bleak 
ice age shores must often have lacked protective 
fringes of dunes or trees, while sandy beaches were 
fewer and mangrove stands less developed . . .  There 
might not have been many major campsites on now 
submerged coasts , as colonists often avoided them 
in favour of more sheltered inland conditions. 
(Mulvaney 1 987:77) 
Beaton ( 1 985) quotes Galloway and Loeffler ( 1 972:24-5), 
who speculate that due to the lack of stability during 
transgressive and regressive episodes and the unsuit­
abi l i ty of the steep continental rise for mangrove 
communities, it ' is difficult to imagine where its dist­
inctive plants and animals survived during glacial periods' .  
B ut survive they obviously did. The rapid appearance 
of mangrove-dwelling molluscs at Koolan Shelter 2 at 
the terminal Pleistocene indicates that many species were 
rapid and successful colonisers .  
Abandonment 
In Chapter 4 it was proposed that the dates for Koolan 
support its abandonment approximately 24,000 years 
ago ,  fo l l owed by reocc upat ion at the term inal  
Pleistocene/early Holocene. I questioned whether the 
Koolan shelter was abandoned because the sea retreated 
leaving it high and dry on the edge of a rocky inland 
promontory or whether it was the increasingly dry 
conditions heralding the onset of glacial aridity that 
prompted the relocation of a locally resident population. 
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Likewise, did the reoccupation of the site occur because 
of climatic amelioration at the beginning of the Holocene 
or was it rather that the site was again positioned adjacent 
to the coast? 
For the west Kimberley at least, the mainland sequence 
from Widgingarri Shelter 1 has helped to clarify this issue 
somewhat. At Widgingarri, abandonment occurs c loser 
to the time of maximum glacial aridity , 1 9 ,000 years 
ago, when the s ites had been well inland for several 
thousand years, and is  therefore clearly unrelated to the 
proximity of the changing shoreline. 
EARLY HOLOCENE SEQUENCE 
Both Koolan Shelter 2 and Widgingarri Shelter 2 are 
reoccupied as soon as the sea arrives near the sites .  
Because of the steeply sloping offshore profile this occurs 
at Koolan at the terminal Pleistocene, approximately 
1 0,500 years ago. At Widgingarri ,  where the gradient 
of the off shore profi le is sl ight, it  takes place later, 
ea. 7700 bp. These dates mark the approximate time the 
shell horizons began to accumulate. 
Both Koolan and Widgingarri shelters have much 
lower artefact discard and sedimentation rates during the 
early Holocene than during the Pleistocene period pre­
ceding their abandonment. The shelters do not display 
any change s in technology concom itant w ith the 
approach of the sea, so this factor can be disregarded. If 
anything, more intensive use of Koolan Shelter 2 would 
be predicted for the early Holocene. The shelter was closer 
to the coast and coastal resources more accessible than 
during the entire period of Pleistocene occupation, but 
the area had not yet become an island. 
Interpretation of the early Holocene sequence at 
Widgingarri is more complex . It might be argued that 
the rich resources now available on the immediate coastal 
margin would focus residence in this area. The Widgin­
garri shelters being a few kilometres inland may have 
assumed a different function and been used less inten­
sively. That this would have affected mobility strategies 
and site function is undoubted, but how this might in 
tum have affected the duration and intensity of site use 
cannot be gleaned from the archaeological ev idence. 
Subsistence and economy 
At both Koolan and Widgingarri the early Holocene 
faunal su ites show a mixed economy incorporating 
terrestrial and marine spec ies. There is no ev idence for 
specialised hunting of any kind. As would be expected, 
when Koolan was separated from the mainland between 
ea. 9000 and 8000 bp, the range of terrestrial fauna was 
considerably reduced due to the intrinsic biogeographic 
constraints operating on islands (Diamond 1 977:306) . 
It appears that some terrestrial fauna may have been 
brought over from the mainland as bone of large and 
medium-sized macropodids, for example Macropus 
agilis, is found in spits postdating insulation. Fish bone 
is virtually absent from the early Holocene levels at both 
shelters, but this may be due to postdepositional attrition 
(Hayden et al . 1 987) .  Even in areas where, ethnograph­
ically, fi shing was the principal subsistence activity, 
there is often l ittle to attest to the importance of this 
activity (Albright 1984; Barnett 1 955;  Hayden et al. 1987). 
Cultural behaviour may also be responsible for the poor 
representation of fish bone in occupation deposits as 
sharp bones were often removed or discarded away from 
liv ing areas (Pocock 1 988:86-99; Walters 1 988) .  
The Shell Horizons at both Widgingarri shelters are 
dominated by marine intertidal shellfish, although a small 
component of mangrove-dwell ing species indicates that 
such environments were exploited on an occasional basis .  
Koolan Shelter 2 shows a peak in mangrove-dwell ing 
shellfish in the lower part of the Shell Horizon. Extrapo­
lating from the depth/age curve, this peak falls  between 
ea. 1 0,000-7000 bp. It is possible that it represents a 
period of site use during the early Holocene when mangrove 
forest was developed close to the site .  The existence of 
extensive mangrove communities following c losely upon 
the marine transgression has been recorded in other areas 
of northern Australia, such as the Fitzroy Estuary near 
Derby, Shark Bay and Exmouth further south along the 
Western Australian coast and the south Alligator River 
in the Northern Territory (Bowdler 1 989; Jennings 1 975;  
Kendrick and Morse 1 982, 1 990; Woodroffe et  al . 1 985) .  
When the sea first reached Koolan Shelter 2, the sub­
marine profile would have been shallow and mangroves 
could have colonised the shal low waters below the 
shelter. As sea level continued to rise, local conditions 
may have become unsuitable for mangrove forest. After 
this time only marine intertidal shellfish would have been 
avai lable in the bay below the shelter. 
The data from Koolan Island demonstrate that the 
use of marine resources was firmly in place at the terminal 
Pleistocene, 1 0,500 years ago, and suggest that people 
were living on the Pleistocene coastl ine prior to this time 
and followed the rising seas. On thi s  basis it is argued 
that coastal occupation took place well before sea level 
stabil ised. 
In an attempt to explicate the pattern of occupation 
that he had identified at Princess Charlotte Bay, Beaton 
( 1 985) launched a comprehensive critici sm of the thesis 
that l ittoral adaptations were a feature of late Pleistocene 
or early Holocene economies. At the time Beaton wrote, 
nothing was known about coastal occupation during 
times of late Pleistocene sea level change and he was 
forced to fall back on the surviving Holocene evidence. 
He posed the provocative rhetorical question 'Could all 
the early sites be under water on the continental shelves? ' 
and repl ied: 
In my opinion , this could be true only if the people 
who l ived there remained there throughout the 
marine transgression and drowned along with their 
sites . The present coasts offer no compe l l ing 
evidence that they began to receive coastal refugees 
at any time between 8000 and 5000. (Beaton 
1 985 : 1 7) 
Beaton concluded that there was a substantial time lag 
between sea level stabilisation in the Holocene and the 
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appearance of coastal middens and argued therefore that 
the exploitation of marine resources did not take place 
until the mid- to late Holocene . 
While Beaton 's thesis was supported by his excavation 
results from Princess Charlotte Bay, its extrapolation to 
other areas of Australia and his criticism of previously 
dated sequences now appear misplaced. The evidence 
for coastal exploitation presented in Chapters 4, 5 and 6 
merely add to what has become a deluge of data from 
coastal sites attesting to marine exploitation between 
8000 and 5000 bp and vindicating the dates obtained by 
prev ious researchers (see for example Kendrick and 
Morse 1 982, 1 990; Morse 1 996; Woodroffe et al . 1 988) .  
It has often been assumed that due to their archaeo­
logical visibil ity shel l  middens have an unjustifiably 
higher profile in archaeological thinking and writing than 
other types of sites (Bailey 1975; Cribb 1 986: 1 72). Contrary 
to this, recent studies demonstrate that changing Holocene 
coastlines may have been as efficient in removing early 
to mid-Holocene evidence of them as rising seas presum­
ably were in drowning any Pleistocene evidence (Ander­
son and Robins 1 988; Godfrey 1989; Head 1 983, 1987:455; 
Woodroffe et al. 1 988) .  As more detai led multidisci­
plinary studies are carried out around Austral ia, it is 
becoming apparent that the lag between sea level  
stabi l i sation and coastal occupation can be large ly  
attributed to  postdepositional attrition of  the archaeo­
logical record . Firstly, there is now a great deal of 
evidence that in many areas mid- to late Holocene coastal 
environments were a far cry from the stable environments 
Beaton env isaged (O' Connor and Sul l ivan 1 994) .  Some 
regions may have been less prod uctive in the late 
Holocene following progradation, siltation and the loss 
of extensive areas of mangrove (see for example Bowdler 
1 989;  Cal laghan 1 980; Coleman 1 982; Morse 1 993,  
1 996). Secondly, changing Holocene coastal environments 
have sometimes destroyed or masked the early to mid­
Holocene archaeological record (Head 1 983;  Rowland 
1 989). In other areas such as the west Kimberley islands, 
choice of site location combined with a seasonal climatic 
regime has meant that open middens never accumulated, 
the only evidence being preserved where rockshelters 
occur (O' Connor 1 989). 
Artefacts 
The stone artefac ts  from Koolan She l te r  2 and 
Widgingarri Shelter 2 decrease in numbers in the early 
Holocene levels relative to the levels preceding them. 
At Widgingarri Shelter 2 there is  no change in the 
retouched artefacts and debitage proportions show no 
significant change. At Koolan there is a change in raw 
material and an increase in bipolar debitage which is 
argued to be related to increased reliance on locally 
available raw materials after the site was cut off from 
the mainland. 
Shell tools made on valves of Geloina coaxans have 
been identified from the early Holocene levels at Koolan .  
Due to the friable nature of the shell ,  identification of 
specific wear patterns or residues on the valves in the 
lower Holocene levels was not possible. The damage to 
the edges is consistent w ith utilisation as hand held 
scrapers . S imilar tools have also been found in the 
Widgingarri shelters. 
MID-HOLOCENE TO THE PERIOD 
OF EUROPEAN CONT ACT 
Change and adaptation 
The stone artefact assemblages at Koolan Shelter 2 and 
the Widgingarri shelters during this period are quite 
different. At the Widgingarri shelters there is a marked 
change in stone tool industries during the mid-Holocene. 
This is signalled most obviously by the appearance of 
the new 'point ' technology. The lowest point is associated 
with a marine shell date of 4979±60 bp at Shelter 2. Taken 
to two standard deviations this gives a range for the 
appearance of th i s  new implement type of 5090-
4850 bp. It is probable that a marine reservoir correction 
factor should be appl ied, which would give an approx­
imate age for the introduction of points at ea. 4500 bp. 
As the appropriate reservoir correction for this region is  
unknown, the date simply is  presented as the convent­
ional radiocarbon age. The value of placing absolute 
dates on the appearance of specific implement types can 
be questioned, espec ial ly in sandy deposits where 
considerable vertical movement of material might be 
antic ipated (Hi scock 1 994; Richardson 1 992;  Vi l la  
1 982).  However, changes in debitage, raw materials and 
flake size occur in tandem with the introduction of points. 
In common with the east Kimberley, the mainland 
west Kimberley sites have a range of 'points ' including 
'backed points ' (cf. Dortch 1 977). B ifacial and unifacial 
stone points were also recovered from the High Cliffy 
Shelter, but the date for the first occupation of this shelter 
is too late to contribute information as to the timing of 
the introduction of this implement type. Unlike the 
Northern Territory sites, adzes are not introduced after 
points and never appear to have been an important formal 
type in this region (cf. Jones 1 985) .  Only one adze (tula) 
was recovered from the Widgingarri assemblages, at 
Shelter 1 .  
At Koolan there is no change in the raw materials, 
technology of manufacture or nature of retouched artefacts 
during this time.  It was argued in Chapter 4 that this is 
because Koolan Shelter 2 as an island site was visited 
intermi ttently and opportuni stic use was made of 
avai lable resources (see also Bowdler 1 98 l a, 1 984: 1 23) .  
Bone artefacts are found in  the Widgingarri shelters 
and the High Cliffy Shelter. At the Widgingarri shelters 
they are confined to the Upper Shell Horizons. It was 
suggested in Chapter 5 that their appearance may be 
related to pressure-flaking of stone points . At both 
Widgingarri and High Cliffy bone tools and fragments 
of tools have been recovered which are s imilar to 
artefacts in the Western Australian Museum ethnographic 
col lection recorded as indenters used to pressure-flake 
stone points ( see Love 1 936 : p late fac ing page 76, 
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examples 3 and 4 ). That they are not found in levels 
below points is unrelated to preservation and perhaps 
strengthens the case for the ir association with stone 
working. Bone bipoints and unipoints used in other 
regions of Austral ia as components of composite tools 
for hunting and fishing were not found in any of the 
west Kimberley assemblages .  As would be expected if 
bone artefacts are connected with pressure-flaking, none 
were recovered from Koolan Shelter 2 where points are 
absent. 
' Intensification ' 
A still topical area in Austral ian archaeology concerns 
late Holocene changes that have been lumped together 
under the rubric of ' intensification' .  We are, however, 
no closer to agreement about what actually constitutes 
' intensification ' in an Australia context or whether or 
not it occurs in w idely spaced parts of Australia at 
approximately the same time. In most areas of Australia 
there is evidence for higher discard rates of artefacts and 
other cultural material , higher sedimentation rates and 
the occupation of new environments (see Lourandos 
1 980, 1 983) .  In a few areas, such as Lake Condah, new 
forms of site like stone house structures and fish traps 
may appear for the first time. High Cliffy Island may be 
another such area. 
Intensification has been variously attributed to social 
change (Lourandos 1 985) ,  demographic growth (Beaton 
1 985) ,  environmental changes (Rowland 1 983a) and 
technological change (Bowdler 1 98 1  b ). Bowdler ( 1 98 1  b) 
has noted the correlation between the arrival of the dingo, 
the new stone tools and intensification and questioned 
whether there might not be a causal relationship. The 
analysis of the mid- to late Holocene stone artefact assem­
blage at Widgingarri Shelter 2 indicates no relationship 
between the introduction of the new tools and intensity 
of site use. The increase in  site use occurs more than 
2000 years after the appearance of the first point .  
Although this conclusion is based on a small populat­
ion of artefacts, other sites in northern Australia indicate 
that it is not an isolated or site specific pattern. Jones 
( 1 985 :296) notes that it is also the case at the Lindner 
site (Nauwalabila 1 ) , where stone discard rates ri se 
markedly only w ith the introduction of adze/chisels at 
about 3000 bp, some 1 500-2000 years after the intro­
duction of points . This is fol lowed by a decrease in the 
artefact discard rate ea. 1 000 years ago, which Jones 
believes is related to the formation of the wetlands on 
the South Alligator plains 'acting as a magnet tending to 
attract people out to the peripheral areas' ( 1 985 :296). 
No such decrease in discard occurs at the Widgingarri 
shelters. The discard rate continues to rise during the 
late Holocene and is highest during the last 1 OOO years 
prior to European contact. Jones ( 1 985 :293) records a 
similar dramatic rise in discard at the Anbangbang 1 
Shelter but attributes it to the formation of the freshwater 
wetlands near the shelter in the last 1 500-1 000 years. 
The large open sites on the wetland edge provide strong 
support for his argument. Jones makes the important 
point that if one is to argue for changing social relation­
ships as the catalyst for more intensive site use, one must 
first demonstrate that the changes are incidental to, and 
independent of, changes in environmental productivity 
( 1 985 :294) .  
In thi s  respect Widgingarri Shelter 2 provides a good 
test case . There is no reason to believe that there has 
been any increase in base landscape productivity in this 
region and yet the same trend towards increased intensity 
of site use is well documented. 
Antiquity and nature of offshore island use 
In the mid-Holocene we see the first evidence for the 
exploitation of offshore islands in the west Kimberley. 
There is an irony in the fact that while Australia was 
the first continent colonised by Homo sapiens sapiens 
that required a watercrossing, at the time of European 
contact it had probably the least sophisticated maritime 
technology. Despite this, offshore islands appear to have 
been effectively incorporated into the mid- to late Holocene 
economy in most areas (Bowdler 1 995; O' Connor 1 992). 
Offshore islands can be readily divided into three types. 
The first category preserves evidence of occupation 
dating to a time prior to separation from the mainland. The 
second category includes is lands w ith evidence for 
occupation which postdates their separation from the 
mainland but was not necessarily sustained into the 
ethnographic present (Bowdler 1 995).  It is thought that 
these islands were too small to have sustained a viable 
population in isolation and too distant for contact with 
the mainland to have been maintained (Jones 1 976) . On 
some of these, such as Kangaroo Island off South Aus­
tralia, the population appears to have hung on for as long 
as 5000 years fol lowing isolation, after which time the 
islands were abandoned or the population became extinct 
(see Lampert 1 98 1 : 1 84-5) .  
The third type includes islands which were not large 
enough to support a permanent population in isolation 
but were not too distant from the mainland to be exploited 
from there after separation occurred through the use of 
simple watercraft. Most Australian offshore islands fall 
into this category ( Bowdler 1 995) .  
Some islands, of course, fall into more than one 
category. Of the two islands investigated during this  
study , Koolan falls into the first and third category and 
High Cliffy the third. 
The separation of Koolan Shelter 2 from the mainland 
occurred approximately 9000-8000 years ago and there 
is no evidence that the short watercrossing inhibited 
occupation after this date. While dates are few,  the 
stratigraphic sequence at the shelter indicates that use 
continued despite its new status as an island site, on a 
regular if intermittent basis, throughout the Holocene . 
High Cliffy Island, separated from the mainland at 
much the same time as Koolan Island, lies about 8 km 
off the coast. For most Australian islands at any remove 
from the mainland, evidence of occupation is confined 
to the last 2000 years and intensive occupation follows 
only in the last 1 000 years (Bowdler 1 995).  On some 
islands in southeastem Australia, for example the Victorian 
islands, occupation occurred late and appears never to 
have been intensive (Gaughwin 1 983;  Gaughwin and 
Brennan 1 986; Jones and Al len 1 979, 1 980) .  However, 
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there are a growing number of exceptions to the rule. 
H igh Cliffy Island is one of them. The other confirmed 
cases are Hook Island in the Whitsunday Group and 
North Keppel Island off the north Queensland coast, 
together with the Montebello group off the Pilbara coast 
of Western Australia (Barker 1 99 1 ;  Rowland 1 980; Veth 
1 993). Rowland ( 1 982a, 1 983b, 1 985) has suggested 
that North Keppel was visited on an occasional basis 
from ea. 4000 years ago but that regular or permanent 
occupation occurred only during the last 1 000 years. 
However ,  H ook I s land in the Whitsunday group 
demonstrates regular occupation fol lowing insularis­
ation from ea. 8000 bp until some time after 500 bp 
(Barker 1 989, 1 99 1 ) . 
Even were all sequences and dates to be combined, 
the High Cliffy Is land sites would  not demonstrate 
continuity of is land use (Fig. 7 . 1  ). The H igh Cliffy Open 
Site saw a brief period of occupation after becoming 
insular, as testified by the date of 6700 bp and associated 
artefacts, but the main phase of occupation appears to 
be from 650 bp until early this century. The fact that 
excavation ceased before sterile deposits were reached 
makes it impossible to determine whether or not the site 
was occupied earlier. The High Cliffy Shelter demon­
strates that island use was intensive by ea. 3000 bp but 
contains no evidence of use after 2500 bp. The antiquity 
of the house structures is uncertain. The fact that one of 
Blundell ' s Aboriginal consultants had know ledge of their 
use ( 1 975 : 1 56) and the apparent lack of metal or glass 
in their vicinity suggests that they were in use until shortly 
before European contact. It has been suggested elsewhere 
that the gaps in the sequence are l ikely a product of 
sample size rather than an accurate reflection of island 
use (O'Connor 1 994). 
The nature of occupation and resource exploitation 
on High Cliffy is  relevant to the motive for island use 
here and in other areas of Au stralia. Jones ( 1 976) 
suggested that it was the attraction of rich food resources 
such as muttonbirds, seals ,  sea birds and shellfish that 
provided the incentive for water trave l  in southern 
Australia. In summarising the available ev idence for 
island exploitation off the NSW coast, Sullivan ( 1 982a) 
noted that the main difference between the island sites 
and those of the adjacent mainland lay in the greater 
quantity of bone contained in the former. The bone 
remains represented in the island middens were mainly 
bird, presumed to be mutton bird, and seal , both of which 
breed seasonally on the offshore islands. 
As discussed in the previous chapter, the available 
evidence, while limited, indicates that occupation of High 
Cliffy and the surrounding islands took place throughout 
the year rather than on a seasonal basis. The difference 
between the exploitation patterns on High Cliffy and on 
the temperate islands of the southeast as discussed by 
Jones and Sullivan can probably be best explained by 
the nature of the resource base. The west Kimberley 
islands and their waters had few seasonally circumscribed 
resources. Turtles would have been available year round, 
as would dugong, most of the fish species and many of 
the sea birds. The large yams so prolific on offshore islands 
were also avai lable year round. Only the birds ' eggs, 
turtle eggs and some of the fruit trees would have been 
restricted in time. Because of the nature of the resource 
base, it would have been necessary to constantly monitor 
the movement of resources to successfully exploit the 
offshore islands. Annual and daily scheduling might be 
expected to be very different from that of the more 
temperate zones, where resources were seasonally predict­
able. In this  way the west Kimberley is more comparable 
w ith the northern Queensland islands like the Keppels ,  
also home to a permanent population. In discussing the 
ethnohistorical records for the Keppel Islanders, Rowland 
speculated: 
had Roth visited other i slands in the Southern Great 
Barrier Reef Province we would in fact be tel l ing 
a similar story about these islands. In other words, 
the Keppel Islands might be unique in relationship 
to the mainland but they may not be unique in 
relationship to a whole range of is lands further 
north ( l  982b: 1 1 8). 
The data from High Cliffy Island validates Rowland 's  
speculation, but  whereas Rowland envisaged a special­
ised marine adaptation specific to the Southern Barrier 
Reef Province, it would appear that this type of adaptation 
may be widespread in northern Austral ia. A case can be 
made that the northern Australian islands were used 
differently from those in the southeast of the continent 
perhaps as a result of their differing resource bases. 
The diversity of responses to offshore islands reflected 
in the archaeological record raises other important 
questions. Why for example is there a significant time 
lag between island formation and use in some areas and 
not in others? 
Several researchers have proposed a technological 
explanation. Vanderwal ( 1 978) has suggested that the 
use of is lands was dependent on the reinvention or 
improvement of watercraft. Beaton ( 1 985 : 1 8) believes 
that the use of the islands off Princess Charlotte Bay by 
2500 years ago 'probably had to await the introduction 
of the outrigger canoe of Papua-Melanesian origin ' .  
Rowland ( 1 987: 39) likewise bel ieves: 
that there is strong support for the v iew that external 
cultural influences affected a large area of the 
Queens land coast and this  factor needs to be 
considered in explanations of change. 
These influences include items of fishing gear, harpoons 
and the outrigger canoe, their impact extending as far 
south as the Keppel islands (Rowland 1 987 :42). 
Su l l ivan ( 1 982a, 1 9 82b) has developed a more 
sophisticated explanation in which technology plays a 
central but not a causal role. Like B lackwell ( 1 982), she 
notes a correlation between the timing of increasing 
intensity of site use on the mainland and the beginning 
of the use of offshore is lands and l inks it with both 
population increase and technological change : 
Although no relationship between these events has 
yet been demonstrated the use of offshore island 
resources needs to be considered in the l ight of a 
l ikely increase in populat ion and changes in  
technology . Certainly shell  fish hooks appear to 
have come into use in the area within this time 
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period, and it is l ikely that this and other changes 
in technology were related to increases in popu­
lation. (Sullivan 1 982b: 1 4 1 )  
In her view the introduction o f  fish hooks would have 
led to a greater emphasis on off shore fishing and hence the 
improvement of canoes. This would in tum have resulted 
in the discovery of the rich fishing grounds around the 
islands, while the role of these as seasonal storehouses 
of marine foods l ike seals and muttonbirds would have 
provided additional incentive for regular visits. 
Although i t  has been suggested that there is an 
increase in  population on the mainland at this time 
( Hughes and Lampert 1 982) , Sul l ivan dismisses the 
direct effects of population pressure on food resources 
as the catalyst for the move to exploit offshore islands 
as there is  no indication in the mainland middens that 
food resources were coming under increasing stress. 
At High Cliffy we see an early incorporation of an 
offshore island and later intensive occupation of it in an 
area that never received fish hooks and where nets were 
not in use at contact. No composite tools were used for 
fishing and metal harpoons were taken up only in  the 
postcontact period. The only fishing implements were 
simple wooden spears, possibly boomerangs, and poisons. 
Canoes of any sort were not in  use at the time of earliest 
European observation. The rafts used in the region, while 
stable and efficient in  the unpredictable waters off the 
west Kimberley, were l imited in terms of the number of 
people and goods they could carry (Akerman 1 975c; Love 
1 936) . 
What this shows is that even in what are acknow­
ledged to be amongst the most difficult waters to nav igate 
in Australia, efficient use of offshore islands did not 
require specialised technology and was not dependent 
on any tangible external influences .  In the west Kim­
berley, island use began well before the most intensive 
period of site use began on the mainland. In summary, 
it seems fair to say that if this pan-Australian pheno­
menon is  related in any way, the connection is not 
technological , although thi s  is  not to say that specific 
technological advances wil l  not have facil itated offshore 
e x p l o i tat ion  i n  spec ific areas . N e i ther  can  the 
reintroduction of watercraft technology adequatel y  
explain the pattern. In view o f  the regional variation in 
watercraft forms ( Davidson 1 935a; Gaughwin and 
Fullager n.d.), it is difficult to see these as having evolved 
from a single technological tradition. 
The High Cliffy data indicate that had the outrigger 
canoe and fish hook never passed across Torres Strait, 
the north Queensland islands might stil l  have displayed 
the pattern of maritime exploitation and specialisation 
that Roth reported at contact. Given the diversity in 
regional expression of island use, variation in the timing 
of this event and differences in watercraft and extractive 
marine technology, it is unlikely we shall find one prime 
mover. The present p icture suggests that we would be 
best off attempting to understand these changes within 
the context of specific adaptations to local and regional 
environments. 
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APPENDIX 1 
RADIOCARBON DATES 
This appendix presents a complete list of radiocarbon dates 
obtained for this project. The following technical notes 
follow those provided by the University of Waikato Radio­
carbon Laboratory with the radiocarbon determinations. 
Where information is missing from a column, it was not 
provided by the laboratory whose code appears in column 1 .  
2 .  Quoted errors are based upon counting statistics alone, 
and are based upon ± 1 standard dev iation. 
3. The New Age is  based upon the more accurate half­
l ife of 5730 years. 
4. The C- 14  depletion (D 14C) is expressed as per mil with 
respect to 0.95 oxalic acid standard. 
TECHNICAL NOTES: 
1 .  The Conventional Age is  calculated using: the Libby 
half-life (5568 years); isotopic fractionation correct­
ion (expressed in per mil with respect to PDB) ;  
National Bureau of  Standards oxalic acid (*0.95) as 
'modem' with AD 1950 as reference year; and assumpt­
ion of constancy in atmospheric radiocarbon levels. 
5 .  The amount of dilution (where applicable) i s  given i n  
Column 9.  Thus '27 % '  means that the sample has 
been diluted, with the benzene counted comprising 
27% sample. 
6. To obtain a ' reservoir-corrected' age for estuarine 
carbonates, subtract 330 years for NZ carbonate or 
450 years for Australian carbonate, from either the 
Conventional or New ages, whichever is desired. 
Laboratory User Sample d13C 014c % Conventional age New age Dilution 
code code material (per mil) (per mi l )  modern (years bp) (years bp) % 
Wk 1 287 K2-D-1 charcoal -24.4 -75.3±4.8 92.5±0.5  630±45 650±45 100.0 
Wk 1 372 K2-D-5 marine shell +3. 1 -369.7±6.7 63.0±0.7 371 0±90 3820±90 45.0 
Wk 1 098 K2-C-9 charcoal -24.5 -949.0±7.9 23,900±1 360 24,600±1 400 1 8 .0 
Wk 1 099 K2-D- 1 0  marine shell -3.3 -730.6±4.9 1 0,550±1 50 1 0,850±1 60 34.0 
Wk 1 365 K2-C-1 2 marine shell -8.8 -963.3±4.5 3.7±0.4 26,500±1 050 27,300±1 1 00 1 4.0 
Wk 1 366 K2-C-1 2  charcoal -27.7 -833.6±1 3.7 1 6.6±1 .4 1 4,400±690 1 4,800±71 0 5.0 
Wk 1 367 K2-C- 1 2  soil -24.0 -861 .2±1 .4 1 3.9±0.4 1 5,850±90 1 6,300±90 1 00.0 
ANU 5763 K2-D- 1 5  bone - 1 0.0±2.0 -849.6±1 0.0 1 5,220±560 
Wk 1 1 00 W1 -B-5 charcoal -25.4 -39. 1 ±6.4 320±55 330±60 74.0 
Wk 1 490 W1 -AA-7 marine shell +2.6 -1 91 .2±8.6 80.9±0.9 1 700±90 1 750±90 25.0 
ANU/AMS 5-1 0 W1 -AA-1 5  marine shell 1 8 ,900±1 800 
ANU 5761 W1 -AA-1 8 bone -1 0.0±2.0 -773.0±1 3.6 1 1 ,91 0±500 
ANU 5762 W1 -AA- 1 9  bone - 1 0.0±2.0 -676.9±23. 1  9080±600 
R1 1 720 W1 -AA- 17  charcoal -26.24 -1 .68±1 1 . 1 99.4±1 . 1  Modern 
R1 1 795 W1 -AA- 17  marine shell 0.38 -969.58±2.26 3.0±0.2 28,060±600 
Wk 1 397 W2-C-4 marine shell +1 .6 -1 71 .3±4.8 82.9±0.5 1 5 1 0±50 1 550±50 1 00.0 
Wk 1 398 W2-C-8 marine shel l  +2.2 -461 .4±3.7 53.9±0.4 4970±60 51 1 0±60 1 00.0 
Wk 1 1 01 W2-C-1 0  marine shel l -3.5 -620.6±1 7.8 7780±390 801 0±400 8.0 
Wk 1286 HC-A-1 marine shell +6.4 -278.6±4.0 72. 1 ±0.4 2620±50 2700±50 1 00.0 
Wk 1 257 HC-A-2 marine shell +4.8 -288.7±4.3 2740±50 2820±50 81 .0 
Wk 1 096 HC-A-4 marine shell +4.4 -329.7±8.2 321 0±1 00 331 0±1 00 22.0 
Wk 1 863 HC3-A-7 charcoal -26. 1 -23. 1 ±9.0 97.7±0.9 Modern Modern 37.4 
Wk 2460 HC3- l-9 charcoal -25.6 -77.2±1 7.9 92.3±1 .8 650±1 60 660±1 70 45.8 
Wk 1 864 HC3-A-1 3  charcoal -26.7 -565.0±1 6.0 43.5±1 .6 6690±300 6880±31 0  5.6 
Wk 1 095 HC2 baler shel l +3.3 -44.5±5.6 370±50 380±50 
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APPENDIX 2 
KOO LAN SHELTER 2 - TWO-SIDED PROBABILITIES 
Spit 1 Spit 3 Spit 4 Spit 5 Spit 6 Spit ? Spit 8 Spit 1 0  Spit 1 1  Spit 1 2  Spit 1 3  
Spit 1 1 .000 
Spit 3 0.378 1 .000 
Spit 4 0.378 0.840 1 .000 
Spit 5 0.378 0.840 0.378 1 .000 
Spit 6 0.378 0.840 0.840 0.378 1 .000 
Spit ? 0.378 1 .000 0.840 0.378 0.840 1 .000 
Spit 8 0.378 0.378 0.378 0.378 0.378 0.840 1 .000 
Spit 1 0  0.378 0.840 0.378 0.378 0.840 0.840 0.840 1 .000 
Spit 1 1  0.840 0.378 0.378 0.378 0.378 0.840 0.840 0.378 1 .000 
Spit 1 2  0.378 0.378 0.378 0.378 0.840 0.840 0.840 0.840 0.840 1 .000 
Spit 1 3  0.840 0.378 0.840 0.378 0 .840 0.840 0.840 0.840 0.840 0.840 1 .000 
Results of Kolmogorov-Smirnov Two Sample test on phi distributions of sediments. 
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APPENDIX 3 
GLOSSARY OF TECHNOLOGICAL TERMS 
(After Clarkson and David 1 995 except where otherwise referenced) 
Adze slug - discard stage of artefacts that were hafted 
and used for adzing/woodworking functions 
Arris - a projection or longitudinal ridge running down 
the dorsal surf ace of a flake, resulting from 
the negative scars of previously struck flakes 
Bipolar core - the end product of bipolar reduction, with 
crushing on opposing ends 
Bipolar flaking - a technique of knapping where force 
is applied to a core resting on an anvil  
Bipolar flake - flake with distinctive crushing on one or 
both opposing surfaces, often displaying step 
fracturing within the crushed surface; there must 
be a definable point of percussion 
Blade - any artefact having a length:width ratio � 2 : 1 ,  
with parallel or sub-parallel lateral margins for 
greater than half its length 
Blade core - core from which multiple blades have been 
removed. Typically blade cores have multiple 
parallel flake scars running at 90° to the plat­
form . Owing to systematic rotation of blade re­
movals, blade cores are often prismatic or conical 
in shape. 
Blade technology - the set of knapping techniques 
employed in the reduction of a core along 
often specific reduction sequences, ending in 
the systematic production of blades 
Broken bipolar core - shattered core where only part of 
the crushing remains 
Broken core - a piece of core with two or more partial 
negative flake scars which are truncated through 
breakage along natural fracture planes in the 
rock 
Broken flake - bulbar end of a flake; there must be at 
least part of the bulb of percussion present 
Bulb of percussion - a bulb of percussion results from a 
Hertzian fracture initiation and is a convex 
protuberance on the ventral surface immed­
iately below the ringcrack. Also cal led a bulb 
of force. 
Burren adze - a flake exhibiting retouch/use-wear on 
one or both lateral margins. Burren adzes are 
thought to have been hafted and used in wood­
working tasks. 
Core - a piece of flaked stone with one or more negative 
flake scars and no positive flake scars (Hiscock 
1 986: 1 29) 
Debitage - all flaked stone material excluding modified 
pieces and cores. Four debitage classes are 
recogni sed,  compri s ing complete flakes ,  
broken flakes, flake fragments and debri s. 
Debris - all amorphous pieces which are not of locally 
derived material that lack a s ingle interior 
surface or point of appl ied force 
Direct percussion - a method of freehand knapping 
where a core is held in  the unsupported hand 
and struck directly with a percussion instru­
ment (Crabtree 1 972 :59) 
Dorsal surface - the outer surface of a flake , that was 
originally the outer surface of the core. The 
dorsal surface may retain negative flake scars 
and/or cortex. 
Flake - any piece of stone detached from a nucleus, be 
it a core or another flake. Flakes are character­
ised by the presence of initiations and termin­
ations. Typically, flakes have a bulb of percuss­
ion, a ringcrack and an erail lure scar (Hiscock 
1 986: Crabtree 1 972). 
Flake fragment - broken piece of flake origin, from either 
distal or lateral margins. There must be a single 
interior surface, which often will have waves 
of percussion. 
Flake length - measurement taken at right angles to the 
striking platform on the ventral face, through 
the point of percussion 
Flake thickness - the dimension of the artefact in a plane 
perpendicular to the length and width at the 
mid-point 
Flake width - measurement taken across the flake, 
halfway along the flake length 
Ground pieces - pieces with their dorsal surfaces covered 
in striations as a result of deliberate grinding. 
Most have a single interior surface and ground 
exterior surface, although some have intersect­
ing exterior surfaces which are both ground, 
indicating that they were removed either intent­
ionally  or acc idental ly  from edge-ground 
hatchets. 
Hard hammer - the use of a hard indenter to apply force 
to a core 
Implement - all artefacts with evidence of modification 
resulting from use or del iberate retouch 
Indenter - ' any object used to apply force to a piece of 
stone in the knapping proces s '  (H i scock 
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Appendix 3 
1986:32 1 ) . Also known as a fabricator, hammer 
or percussor. 
Industry - a geographically and temporally bounded 
reduction system 
Invasive retouch - retouch that extends at least halfway 
to the middle of a flake 
Lateral margins - margins of a flake on either side of 
the percussion axis 
Marginal retouch - retouch that does not extend more 
than halfway to the middle of a flake 
Modification scars - scars left on an artefact as a result 
of secondary modification (retouch, use-wear 
or edge damage) 
Multiplatform core - a core with flakes removed from 
two or more platforms, either prepared or natural, 
as a result of core rotation 
Overhang removal - a platform preparation technique 
involving the removal of small flakes from 
the edge of the platform and directed onto the 
core face. On flakes, overhang removal is char­
acterised by the presence of numerous small 
stepped flake scars on the dorsal surface just 
below the edge of the platform. 
Platform - any surface to which an indenter (hammer, 
punch, pressure tool) is applied during knapping 
Platform facetting - the removal of flakes from the 
platform forming intersecting planes on the 
platform prior to flake removal 
Platform preparation - facetting, overhang removal and 
grinding being techniques to improve flaking 
control by preparing the platform to a specific 
shape and size, maintaining platform angles, 
preventing the platform from crushing and 
increasing friction between the indenter and 
the platform surface 
Platform thickness - the di stance across the platform 
surf ace from the centre of the ringcrack to the 
dorsal face 
Platform width - the straight-line distance between lateral 
margins across the platform 
Point - retouched flakes or blades with parallel or con­
verging margins and dorsal ridges or arrises 
running parallel to the long axis .  The original 
shape and technological features of the flake 
or blade are sometimes obscured by subse­
quent retouch and in extreme cases, such as 
final-stage pressure-flaking of bifacial and 
unifacial points, all traces of the orig inal char­
acteristics may be removed. 
Pressure-flaking - a controlled form of flaking by the 
use of pressure via a pressure tool or indenter 
to remove a flake from a core 
Primary flake - a flake with cortex but no negative flake 
scars on its dorsal surface 
Redirection flake - ' A  flake which uses an old platform 
as a dorsal ridge to direct the fracture plane ' 
(Hiscock 1 986:328) 
Reduction sequence - 'A description of the order in which 
reduction occurs within one block of stone ' 
(Hiscock 1 986:328) 
Retouch - intentional removal of secondary flakes from 
a primary flake 
Secondary flake - a flake with cortex and one or more 
negative flake scars on its dorsal surface 
Single platform core - a core with unidirectional flaking 
from either a natural of prepared striking 
platform 
Slug - discard stage of hafted implements used for 
woodworking (e.g. tula slug, burren adze slug) 
Systematic blade production - the systematic removal 
of multiple blades in sequence from a blade 
core. This form of blade production involves 
the expenditure of considerable effort on ridge 
forming and core maintenance. 
Technology - 'The manufacturing behaviour of humans ' 
(Hiscock 1 986: 330) 
Termination - point at which applied force or fracture 
plane leaves the core. The four most common 
terminations are feather, hinge, step and out­
rapasse . 
Tertiary flake - a flake with no cortex and more than one 
negative flake scar 
Tula adze - a thick, rounded flake that exhibits use-wear/ 
retouch on the distal margin opposite the plat­
form. Tula adzes were often hafted and are 
commonly associated with woodworking 
tasks. 
Use-wear - ' Damage to the surfaces of tools sustained 
in use ' (Hiscock 1 986: 332). Use-wear often 
takes the form of microflaking on the lateral 
margins of flakes, edge rounding, polishing, 
smoothing and striations.  
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Spit 
1 
2 
3 
4 
5 
6 
APPENDIX 4 
WIDGINGARRI SHELTER 2, FLAKE 
WEIGHTS (g) USED IN T-TEST 
Square B Square C 
Fine-grained Coarse-grained Fine-grained 
quartzite quartzite quartzite 
1 .01 0.07 
1 .28 
0.05 0. 1 1  
0.06 
0.06 
0.09 
0. 1 4  
0. 1 8  
0.28 
0.36 
0.09 
0. 1 0  
0. 1 2  
0.74 
0.96 
2.42 
0. 1 0  
0. 1 0  
0. 1 5  
0. 1 8  
0 .20 
0.29 
0.51 
0.07 0. 1 5  0.04 
0.09 0.23 0. 1 1  
0 . 1 5  0.27 
0. 1 6  3.50 
0.1 1 0. 1 5  0.08 
0 . 1 3  0. 1 2  
0. 1 3  0.42 
30,000 Years of Aboriginal Occupation : Kimberley, North West Australia 
Coarse-grained 
quartzite 
0.04 
0.05 
0.06 
0.08 
0. 1 0  
0.04 
0.06 
0.08 
0.09 
0. 1 5  
0.08 
0.29 
0.59 
0.04 
0.05 
0.08 
0. 1 0  
0.1 1 
0. 1 4  
0.21 
0.05 
0. 1 4  
0. 1 8  
0.28 
0.31 
0.44 
2. 1 0  
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Spit Square B Square C 
Fine-grained Coarse-grained Fine-grained Coarse-grained 
quartzite quartzite quartzite quartzite 
7 0. 1 0  0 .08 0.04 0.06 
1 .59 0 .08 0.04 0.08 
0 . 1 3  0.06 0 .09 
0. 1 6  0.06 0. 1 1  
0.20 0.07 0. 1 6  
0.31 0.08 0. 1 6  
1 .82 0.08 
2 .59 0 . 1 1 
0. 1 5  
0.20 
0.25 
8 0. 1 0  0.09 0.04 1 .86 
0.49 0.39 
1 .81 0.62 
6.80 
9 0. 1 0  0. 1 4  1 .99 0. 1 9  
0 . 1 1 0.47 0.34 
0.1 1 1 .09 
2 .49 
1 6.81 
1 7 .44 
1 0  0.06 0.20 0.05 6.81 
0. 1 7  0.79 0.09 
1 .08 0 . 1 3  
0. 1 5  
0. 1 7  
0. 1 9  
0.32 
0.34 
0.34 
0.37 
0.45 
0 .66 
0.85 
1 . 1 3  
5.32 
1 1  0.07 0.20 0.05 0.35 
0. 1 2  0.24 0.08 0.54 
0.22 0.29 0.08 0.57 
0.29 0.32 0. 1 0  0.66 
0.34 0. 1 9  0.75 
0.52 0.27 0.94 
0.61 0.30 0.94 
0.72 0.32 3.29 
0.74 0.33 9.70 
0.89 0.33 
1 . 1 0  0.33 
2.41 0.36 
0.38 
0.38 
0.47 
0.49 
0.53 
0.53 
0.54 
0.56 
0.73 
0.84 
0.93 
0.94 
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Spit Square B Square C 
Fine-grained Coarse-gra ined Fine-grained Coarse-grained 
quartzite quartzite quartzite quartzite 
1 1  cont. 3.50 
1 0. 1 9  
1 3.58 
1 2  0.03 0. 1 3  0.04 0.48 
0. 1 2  0.38 0.05 0.58 
0. 1 4  0.54 0.05 0.65 
0.22 0.78 0.05 1 . 1 1  
0.22 0.79 0.09 
0.24 1 .01  0 .09 
0.24 1 .04 0. 1 0  
0.27 1 . 1 9  0. 1 5  
0.28 1 .38 0.42 
0.29 1 .39 0.53 
0.31 4.29 0.57 
0.32 0.65 
0.48 0.88 
0.49 1 .03 
0.49 
0.55 
0.55 
0.56 
0.57 
0.58 
0.59 
0.59 
0.62 
0.64 
0.66 
0.79 
0.83 
0.96 
1 .21 
1 .39 
1 .49 
1 .75 
2.21 
2.71 
3.30 
3.71 
4.63 
4.99 
7.74 
1 1 .73 
1 3  0.08 0.06 0 .08 0.21 
0. 1 6  0 . 14  0 .09 0.34 
0.24 0.25 0. 1 0  0.43 
0.45 1 .44 0. 1 3  0.53 
0.48 0.20 1 .73 
0.53 0.21 1 4.63 
0.66 0.37 
0.72 1 . 1 5  
0.77 
2.57 
1 4  0.07 0.41 0.06 
0.21 0 .55 0. 1 3  
0 .82 0.62 0. 1 5  
0.72 0. 1 9  
1 . 1 9  0.28 
1 .52 0.80 
1 4.63 1 .39 
1 .95 
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Spit Square B Square C 
Fine-grained Coarse-grained Fine-grained Coarse-grained 
quartzite quartzite quartzite quartzite 
1 5  1 .79 0.42 0. 1 2  0. 1 4  
3.67 0. 1 6  
0.23 
0.52 
1 6  0.07 0 . 1 4  0.09 
0. 1 4  0.23 0.82 
1 7  0 . 12  0. 1 5  0.09 
0.23 0.30 
0.90 
1 8  0.07 0.08 
0.09 
0. 1 0  
0. 1 4  
0. 1 4  
0.29 
0.50 
0.59 
0.82 
0.96 
1 9  0.27 0. 1 9  
0.50 0.57 
0.74 
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APPENDIX 5 
Species Shel l Horizon Lower Horizon 
1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  
Large macropod 1 2 1 2 1 1 1 5 1 2  2 7 5 5 4 1 
Macropus robustus 
Macropus antilopinus 
Medium-sized macropod 2 2 1 1 1 2 1 1 2 1 2 2 2 
Macropus agilis 1 1 4 1 
Small macropod 1 1 4 
Petroga/e brachyotis 2 1 1 4 
Peradorcas concinna 1 
Large Petrogale 1 1 1 
Peramelidae 1 1 1 1 
lsoodon macrourus 2 
/soodon sp. 
Small /soodon 
Macrotis sp. 
Petaurus breviceps 1 
Wyulda squamicaudata 1 
Trichosaurus arnhemensis 
Phalangeridae 
Dasyuridae 
Dasyurus hallucatus 1 1 
Thylacinus cynocephalus 
Tachyglossus aculeatus 
Muridae 1 1 1 
Zyzomys woodwardi 
Conilurus penicillatus 1 
Rattus tunneyi 
Mesembriomys macrourus 
Pseudomys/Notomys 
Snake 1 1 1 1 1 1 1 1 
Boidae 
Lizard 
Scincidae 2 1 1 
Agamidae 1 1 1 1 
Ch/amydosaurus kingii 
Varanidae 1 1 
Turtle 1 
Crocodile 
Ganis familiaris (dingo) 1 
Fish 1 1 1 1 
Bird 1 
Appendix 5.1 Widgingarri Shelter 1 :  Number of Identified Specimens (NISP) distribution of vertebrate fauna from the 6mm sieve 
fraction of Square A by stratigraphic unit and spit (modified after Prince 1 991 ) . 
• 
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Species Shell Horizon Lower Horizon 
1 2 3 4 5 6 7 8 9 1 0  1 1  1 2 1 3 1 4  1 5  1 6  1 7  1 8 1 9  20 
Large macropod 6 2 1 3 6 1 3 3 1 1  2 1 2 3 3 1 
Macropus robustus 
Macropus antilopinus 
Medium-sized macropod 2 1 3 1 2 1 3 2 2 
Macropus agi/is 1 1 
Small macropod 2 5 7 2 1 1 1 3 4 3 4 7 1 6  7 3 2 
Petrogale brachyotis 1 
Peradorcas concinna 
Large Petrogale 
Peramelidae 1 1 1 2 1 
/soodon macrourus 
/soodon sp. 
Small lsoodon 
Macrotis sp. 
Petaurus breviceps 1 
Wyulda squamicaudata 
Trichosaurus arnhemensis 
Phalangeridae 2 1 
Dasyuridae 
Oasyurus hallucatus 
Thy/acinus cynocephalus 
Tachyglossus acu/eatus 
Muridae 1 1 3 1 2 1 1 2 1 
Zyzomys woodwardi 
Conilurus penicillatus 
Rattus tunneyi 
Mesembriomys macrourus 
Pseudomys/Notomys 
Snake 2 1 2 3 1 1 3 1 
Boidae 
Lizard 1 4 1 1 
Scincidae 2 
Agamidae 2 
Chlamydosaurus kingii 
Varanidae 1 1 
Turtle 1 1 1 1 
Crocodile 
Ganis familiaris (dingo) 
Fish 37 64 38 41 1 8  9 2 1 
Bird 
Appendix 5.2 Widgingarri Shelter 1 :  N ISP distribution of vertebrate fauna from the 6 mm and 3 mm sieve fractions of Square B by 
stratigraphic unit and spit (modified after Prince 1 991 ) . 
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Appendix 5 
Shell Horizon Lower Horizon 
1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  
Large macropod 4 2 5 1 
Macropus robustus 
Macropus antilopinus 1 1 
Medium-sized macropod 1 1 
Macropus agilis 
Small macropod 1 1 3 
Petrogale brachyotis 1 
Peradorcas concinna 
Large Petrogale 1 
Peramelidae 1 
lsoodon macrourus 
lsoodon sp. 
Small lsoodon 
Macrotis sp. 
Petaurus breviceps 
Wyulda squamicaudata 
Trichosaurus arnhemensis 
Phalangeridae 
Dasyuridae 
Dasyurus hallucatus 
Thylacinus cynocephalus 
Tachyglossus aculeatus 
Muridae 1 
Zyzomys woodwardi 
Conilurus penicillatus 1 
Rattus tunneyi 
Mesembriomys macrourus 
Pseudomys/Notomys 
Snake 1 
Boidae 
Lizard 
Scincidae 1 1 1 1 
Agamidae 1 
Chlamydosaurus kingii 
Varanidae 
Turtle 1 1 
Crocodile 
Ganis familiaris (dingo) 
Fish 1 1 1 1 
Bird 2 3 1 1 
Appendix 5.3 Widgingarri Shelter 1 :  N ISP distribution of fauna from the 6 mm sieve fraction of Square C by stratigraphic unit and spit 
(modified after Prince 1 991 ). 
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Appendix 5 
Shel l Horizon Lower 
Horizon 
1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  
Large macropod 8 4 3 
Macropus robustus 
Macropus antilopinus 
Medium-sized macropod 
Macropus agilis 1 1 
Small macropod 1 2 2 
Petrogale brachyotis 
Peradorcas concinna 
Large Petrogale 1 
Peramelidae 1 1 2 1 
lsoodon macrourus 
lsoodon sp. 
Small lsoodon 3 
Macrotis sp. 
Petaurus breviceps 
Wyulda squamicaudata 
Trichosaurus arnhemensis 
Phalangeridae 
Dasyuridae 
Dasyurus hallucatus 
Thylacinus cynocephalus 
Tachyglossus aculeatus 
Muridae 1 1 
Zyzomys woodwardi 
Conilurus penicillatus 
Rattus tunneyi 
Mesembriomys macrourus 
Pseudomys/Notomys 
Snake 1 1 
Boidae 1 
Lizard 1 1 
Scincidae 2 1 
Agamidae 
Chlamydosaurus kingii 1 
Varanidae 
Turtle 2 2 
Crocodi le 1 1 1 
Ganis familiaris (dingo) 
Fish 3 2 1 1 1 
Bird 1 1 
Appendix 5.4 Widgingarri Shelter 1 :  NISP distribution of fauna from the 6 mm sieve fraction of Square D by stratigraphic unit and spit 
(modified after Prince 1 991 ) . 
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Appendix 5 
Shell Horizon ? Lower Horizon 
1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  
Large macropod 4 2 2 2 2 4 6 1 0  5 4 2 3 2 2 8 3 2 
Macropus robustus 
Macropus antilopinus 
Medium-sized macropod 1 1 1 2 1 1 1 
Macropus agilis 2 4 
Small macropod 1 3 1 1 1 2 1 2 1 8 8 
Petrogale brachyotis 2 1 1 1 3 2 3 1 1 
Peradorcas concinna 1 3 1 8 6 7 5 1 
Large Petrogale 1 1 2 1 1 1 2 2 1 2 
Peramelidae 1 1 1 1 1 1 4 5 4 3 3 5 3 1 
lsoodon macrourus 1 1 1 2 
lsoodon sp. 1 1 3 
Smal l lsoodon 
Macrotis sp. 1 2 
Petaurus breviceps 1 1 
Wyu/da squamicaudata 
Trichosaurus arnhemensis 1 
Phalangeridae 
Dasyuridae 1 
Dasyurus hallucatus 
Thy/acinus cynocephalus 1 1 
Tachyglossus aculeatus 1 
Muridae 1 1 2 2 2 2 2 1 1 
Zyzomys woodwardi 1 1 
Conilurus penicillatus 1 3 
Rattus tunneyi 1 2 
Mesembriomys macrourus 1 1 1 
Pseudomys/Notomys 1 1 
Snake 1 1 1 1 1 1 1 1 2 1 3 3 3 7 4 1 
Boidae 1 1 2 
Lizard 1 1 2 1 1 1 3 
Scincidae 1 1 1 1 1 1 1 1 1 3 1 
Agamidae 1 1 1 1 
Chlamydosaurus kingii 1 
Varanidae 1 1 1 
Turtle 1 1 1 
Crocodile 1 1 1 
Ganis familiaris (dingo) 
Fish 1 
Bird 1 1 1 
Appendix 5.5 Widgingarri Shelter 1 :  N ISP distribution of vertebrate fauna from the 6mm sieve fraction of Square AA by stratigraphic 
unit and spit (modified after Prince 1 991 ). 
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Upper Shell Horizon Lower Lower Horizon 
SubUn it A SubUnit B 
Shell 
Horizon 
I 1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  
Large macropod 4 1 1 5 1 4 2 
Macropus robustus 1 
Macropus antilopinus 
Medium-sized macropod 1 1 1 1 
Macropus agilis 1 1 
Small macropod 1 4 1 
Petrogale brachyotis 2 
Peradorcas concinna 
Large Petrogale 1 1 
Peramelidae 1 1 
lsoodon macrourus 
lsoodon sp. 
Small lsoodon 
Macrotis sp. 
Petaurus breviceps 
Wyulda squamicaudata 
Trichosaurus arnhemensis 
Dasyuridae 
Dasyurus hallucatus 
Thylacinus cynocepha/us 
Phalangeridae 
Tachyglossus aculeatus 
Muridae 2 
Zyzomys woodwardi 
Conilurus penicillatus 
Rattus tunneyi 
Mesembriomys macrourus 
Pseudomys/Notomys 
Snake 1 1 
Boidae 
Lizard 1 
Scincidae 1 1 
Agamidae 
Ch/amydosaurus kingii 
Varanidae 
Turtle 
Crocodile 
Ganis familiaris (dingo) 
Fish 1 1 5 1 4  8 1 
Bird 1 
Appendix 5.6 Widgingarri Shelter 2: N ISP distribution of vertebrate fauna from the 6 mm sieve fraction of Square B by stratigraphic 
unit (modified after Prince 1 991 ) .  
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Upper Shell Horizon Lower Lower Horizon 
SubUnit A SubUnit B 
Shell 
Horizon 
1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  
Large macropod 4 5 6 4 1 4 6 4 1 1 3 
Macropus robustus 1 
Macropus antilopinus 
Medium-sized macropod 1 4 2 4 1 1 2 1 
Macropus agi/is 1 
Small macropod 1 2 1 2 2 2 2 3 2 5 4 2 1 
Petrogale brachyotis 2 
Peradorcas concinna 1 
Large Petrogale 2 
Peramelidae 2 1 
lsoodon macrourus 
lsoodon sp. 
Small lsoodon 
Macrotis sp. 
Petaurus breviceps 
Wyulda squamicaudata 
Trichosaurus arnhemensis 
Phalangeridae 
Dasyuridae 
Dasyurus hallucatus 
Thylacinus cynocephalus 
Tachyglossus aculeatus 
Muridae 1 4 1 1 1 
Zyzomys woodwardi 
Conilurus penicillatus 
Rattus tunneyi 
Mesembriomys macrourus 
Pseudomys/Notomys 
Snake 4 1 7 3 2 1 1 1 1 
Boidae 
Lizard 5 1 1 2 1 1 1 
Scincidae 1 2 
Agamidae 
Chlamydosaurus kingii 
Varanidae 
Turtle 1 1 
Crocodile 
Ganis familiaris (dingo) 
Fish 24 40 66 46 56 33 20 1 1  
Bird 2 1 1 
Appendix 5. 7 Widgingarri Shelter 2: N ISP distribution of vertebrate fauna from the 6 mm and 3 mm sieve fractions of Square C by 
stratigraphic unit (modified after Prince 1 991 ) . 
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APPENDIX 6 
CHERT SAMPLES FROM HIGH CLIFFY ISLAND 
Petrological descriptions of samples by Dr Will  Libby, 
Geological Survey, Western Australia. 
Hand specimen of rock type described in Chapter 6 
as unstructured chert 
1 )  Pale pink chert with microbanding; possibly silic i­
fication of an acid volcanic rock. Secondary miner­
alization along fractures may have been pyritic . 
Hand specimens of rock type described in Chapter 6 
as structured chert 
1 )  Buff-coloured rock with dark c lear spots 2-3 mm 
across. Broad sub-conchoidal fractures define all 
faces of the sample. The rock is  chert and the darker 
spots are quartz set in the cherty to chalcedonic 
groundmass. The origin of the chert is not clear.  
2) Mottled grey rock which is similar to specimen 1 .  It 
is in general a chert. At an earlier stage it had open­
ings (a few stil l  persist) which were later fil led with 
banded chalcedony, followed by quartz in the cen­
tre. Where rel ict cavities remain, they are l ined with 
quartz crystals. The chert is probably secondary after 
an unknown parent rock. Replacement probably 
took place near the earth ' s  surface. More of this 
sample is  crystall ine quartz and less is  chert than in 
sample 1 .  
3)  Reddish jasperoid rock with fine mottling and a large 
area of grey mottling. This is a chert. Disseminated 
iron oxide gives it the jasperoidal red colour. In 
detail ,  the filled vacuoles with chert and quartz are 
much as in the other cherts described above. There 
is much disrupted banding as well as roughly con­
centric 'agate ' banding. 
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